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Gold from Old Bark 


rom the root bark of apple trees comes 


the glucoside phloridzin. It is a rare substance 
to be thought of as an industrial chemical. 
Nevertheless B.D.H. has on occasion made the 
best part of half a ton of phloridzin, worth 


about £20,000, in a single year 


For the rarest of industrial fine 


chemicals the first choice is B.D.H. 


FINE USTRIAL US gp 


FOR INDUSTRIAL USE 


THE BRITISH DRUG HOUSES LTD. POOLE DORSET 


B.D.H. LABORATORY CHEMICALS DIVISION 
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IS SIMPLICITY 
ITSELF 


The OTIS KING Pocket Calculator makes a complex calculation seem simplicity 
itself. It introduces entirely new features in slide-rule design. By the use of 
spiral scales mounted on two concentric metal tubes, the graduations of a 66-inch 
slide-rule are achieved within the compass of an instrument only 6 inches long 
Model K quickly solves multiplication, division, percentage calculations with four 
to five-figure accuracy. Moael L gives logarithms as well. U.K. price 62s. 6d 
Non-warping metal construction, with plastic-coated scales. Complete instructions 
are included with each instrument, explaining the simple three-movement operation. 
At all leading scientific instrument dealers or on approval by using the form below. 
Fully descriptive leaflet sent free on reauest to: 

Carbic Ltd. (Dept. D), 54 Dundonald Road, London, S.W.19. 


te OTIS KING 


Pocket Calculator 


Send for this form today 









i To Carbic . (Dept. D), 54 Dundonald Rd., 1 
«London, S.W.1 { 
 Herewith anions for 62s. 6d. Please send me a 
« Model . Otis King Calculator on your L 
1 guarantee that if I return it within 7 days, 1 
r] you will refund the money in full. : 
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UNIVERSITY 
CORRESPONDENCE COLLEGE 


London University 


B.Sc. Degree 


Science graduates are urgently needed for well-paid government 
and administrative appointments and top positions in commerce, 
industry, and teaching. Men and women seeking advancement 
can obtain the B.Sc. Degree of London University as a profes- 
sional qualification by home study without residence at the 
University or attendance at lectures. U.C.C. successfully 
prepares for the necessary examinations, i.e. for Entrance 
requirements, and the Final Exam for B.Sc. (General or 
Special). Courses are also given for other London University 
External Degrees, including B.Sc.(Econ.), B.A., LL.B. 


% PROSPECTUS post free on request to the Registrar, 
48 Burlington House, CAMBRIDGE 

































Back Numbers of DISCOVERY 


Most issues of DISCOVERY since 1951 and a few from 
the years 1945-50 are still available, price 2/6 each 
(from May 1960 3/-). Specific articles can be traced. 
Address inquiries to: 
DISCOVERY 
JARROLD & SONS LTD, ST JAMES, NORWICH. NOR 50P 
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This is the mass spectrometer—just one of the advanced pieces of 
equipment being installed at Lathom, Lancashire, the new group 
research department, built by Pilkington Brothers—the largest glass- 
making organisation in the Commonwealth. 


At Lathom nearly a quarter of a million square feet—more than 


? five acres—of laboratory space is planned on the most modern lines, 


all equipped with the most modern equipment you will find anywhere. 
Here are opportunities for 150 graduates to do research and develop- 


ment work which is unlimited in scope, in laboratories which have no 











equal of their type in the world. 
There is the opportunity, too, to become a research worker in the 


truest sense. Pilkington staff are encouraged to keep in touch with 


research in University and other fields, and to attend meetings of 
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We need graduates Now for the world’s most 
modern glass research laboratory 


learned societies and professional bodies, and symposia with other 
workers in similar and related fields—both in this country and over- 
seas. 

They are encouraged to publish the results of their research, and in 
the past many papers have been published by Pilkington—research 
staff. 

There are places at Lathom for engineering, physics, chemistry, and 
mathematics graduates, and successful applicants will find the most 
rewarding conditions of employment. For the honours graduate at the 
age of 23, the starting salary is of the order of £750 (reviewed annually), 
plus many other benefits. 

Please write to W. J. R. Merren (Director of Research), Pilkington 
Brothers Limited, St. Helens, Lancashire. 


Pilking‘tons 


the greatest name in the world of glass 
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TYPE AND APPLICATION 


New Series of AHI 
Mass Spectrometers 


The MS2 Series of Mass Spectrometers takes full 


advantage of the latest spectrometric techniques. All five types which 
make up this new MS2 Series are integrated in a new design 


of 6-in radius 90° sector field instruments. They cover a 


very wide range of special applications while retaining basic common 
features. Details are shown in the chart below. Please write 
for further information to your local AEI office or direct to the address below. 


SOURCE AND 
SUPPLIES 


COLLECTOR AND 
AMPLIFIER 


SAMPLE HANDLING 


RECORDER 











MS2-G Mass Spectrometer 
For isotopic and chemical 
analysis of gases and volatile 
liquids. 


Standard gas 


Double collector (or 
electron multiplier) 


Double inlet (heated 
also possible) 


10-in potentiometric 
recorder or 6-channel 
photographic recorder 












MS2-H Mass Spectrometer 
For analysis of high molecular 


Heated system and 


10-in potentiometric 













‘ Apne Heated gas Variable slit Anh ta recorder or 6-channel 
weight compounds and mass ouble inlet photographic recorder. 
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MS2-SG Mass Spectrometer 
For isotopic analysis of solids 
and gases. 





Standard gas 
and thermal 
ionization 





Double collector or, 
alternatively, electron 
multiplier 


5 Sega PaO 





Double inlet 
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10-in potentiometric 
recorder 


Associated Electrical Industries Ltd. 


instrumentation Division Scientific Apparatus & X-Ray Dept. 
TRAFFORD PARK, MANCHESTER 17 
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Flavour is one of the more elusive qualities 

of food: a sensory response to substances in 
sometimes transitory equilibrium: highly 
significant: strongly Freudian: so strong that it 
is difficult to distinguish the purely scientific 
elements. Yet they must be distinguished if 
there is to be any understanding of the matter. 
So one sets off mechanistically, seeking to 
establish the facts of the matter, and hoping 
then to postulate how the facts came to be. How 
far one goes depends on the depth of one’s 
interest—mere curiosity in the flavour, or a 
desire to make practical use of the facts, or a 
determination to follow the matter to its 
problematic end. 

The science of flavour substances is part of the 
science of trace substances, bedevilled in 
earlier years by the difficulties and doubts of 
extracting these traces from mountains of raw 
material, but helped immeasurably in the last 
decade or so by the development of modern 
laboratory methods of extraction, separation 
and identification on a micro-scale. The results 
have been fascinating, and occasionally 
frustrating, for many flavour components have 
been found common to widely different flavours. 
So the task has been simplified, but not 

made wholly simple. 

In Unilever active interest in food flavour dates 
back to 1924 when MacLennan started work 

on the quality of fish. Since 1945 interest has 
widened and intensified as modern techniques 
of isolation and identification have been adopted 
and applied to a variety of flavour problems. 
Today these techniques are being extended and 
applied at Port Sunlight by Barrett and Scott 

to fat flavours; and at Colworth House by 
Bidmead, Sprott, Welti and others to non-fatty 


food flavours. 
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WHERE ARE 


This year’s report of the Advisory Council on Scientific 
Policy—the Government’s senior advisers in the scientific 
field—is more vital than usual, featuring a particularly 
important review of Britain’s scientific effort in the civil 
field. The Council is, of course, an organ of the Establish- 
ment, and while it would be churlish to ignore the great 
advances in the area over which it watches, we would be 
short-sighted not to subject its major pronouncements to a 
more than critical examination. They indicated last year 
that the expected demand for scientists would be met by 
a higher output from the universities, but the large number 
of positions that are now unfilled shows their consistent 
predisposition to underestimate the dynamic nature of this 
problem. We think some of their recommendations, such 
as their uncompromising position against a national space 
programme, were not as ambitious as they might have been. 

This year, it is encouraging to note, the Advisory 
Council clearly indicates it is far from satisfied with the 
present state of affairs. It is disturbed by the way in which 
our scientific effort is being deployed, by the low outlay for 


' science in many industries, by the widespread lack of 


science-mindedness, by the failure to adequately consider 
the application of science to such problems as land- 
utilisation, fuel, water, agriculture, raw material resources, 
noise suppression and a host of others, by our acute 
shortage of engineers and scientists, by our weakness in the 
commercial utilisation of scientific developments, by the 
poverty of our scientific communications, by the need to 
improve scientific curricula, by the shortage of competent 
teachers, by the failure to make progress in interdisciplinary 
areas because of a too-rigid compartmentalisation, by our 
neglect of certain key sciences like seismology, astronomy, 
oceanography, and taxonomy, and so on. 

The present shortcomings and inadequacies are not 
apparent, at first sight, from the statistics. According to the 
Advisory Council’s latest estimates, the annual outlay on 
scientific research and development stood at £480 million 
at the end of 1958. It had risen 40%, in real terms, over 
a three-year period and represented 2:35% of the gross 
national product. But is this enough? The Council implied 
that it is and said the comparison with the 2°74% figure 
for the United States was “reassuring”. 

It is the total amount spent, not the percentage, that 
counts, however. With the U.S. spending nearly £4000 
million—over eight times that spent by Britain—our 
productivity lag is likely to lengthen. — 

Two salient and inter-related facts seem to be dominating 
the contemporary scene. The first is that we cannot afford 
the luxury of spreading our scientific effort indiscriminately. 
Despite our good record in pure research, progress is suf- 
fering in some fields because the scientists are isolated. The 
problem of fragmentation is even more serious in the 
applied sciences. Many projects are so vast they cannot 
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be effectively supervised in a single university and will 
increasingly need to come under the control of national, if 
not supra-national, institutes. In the industrial field, there 
are projects that are beyond the capacity of even the large 
industrial units. The Council warns that “the result may be 
failure since the individual organisations may have the 
resources neither of money nor of manpower to achieve a 
breakthrough”. 

The second fact is that little can be done about the first 
fact by the Ministry of Science. After outlining the prob- 
lem, the Council said, “. . . we must not be taken as imply- 
ing that the advance of scientific knowledge can be directed 
but . . . obstacles can be removed, encouragement and 
resources can be provided for people who have ideas, and 
the best use made of our limited resources.” While most 
people would endorse this rejection of totalitarianism, 
agreeing that it would be undesirable to have a directing 
body like the Soviet Academy of Sciences, it is a useless 
exercise to recommend to the Minister of Science (for whom 
the report was prepared) that obstacles be removed and 
encouragement and resources provided when the Treasury 
acts as the financial arbiter. This is the crux of the matter. 
It is going to be extremely difficult for the Minister to 
develop a suitable National strategy when scientific 
agencies like the Atomic Energy Authority and the Depart- 
ment of Scientific and Industrial Research must negotiate 
their finances with the Treasury directly. R. K. M. 








Scsences 


CA mm Apes. 


“There ain't enough in the house to feed all these 
kids. Why don’t they grow up faster and support 
themselves like I keep telling them? 
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THE PROGRESS OF SCIENCE 


PLANT ‘“‘ANTIBODY’’ ISOLATED 
It has been known for some time that 
plants develop a resistance to disease, just 
as human beings and animals do, but the 
mechanism has never been understood. 
Although enough has been learned about 
immunity in animals to develop anti-sera 
and vaccines, knowledge about immunity 
in plants has lagged far behind. 

Scientists of the Australian Common- 
wealth Scientific and Industrial Research 
Organisation (CSIRO) have now isolated 
a disease-resisting substance that is pro- 
duced naturally by plants in response to 
fungal infection. Although this substance, 
called pisatin, is chemically quite different 
from the antibodies which protect 
humans from many diseases, it may be 
the first antibody equivalent in plants. 
This discovery opens up a new field of 
research which may lead to the develop- 
ment of chemica! sprays that protect 
plants from diseases, or even fungicides 
which, like antibiotics in humans, spread 
throughout the entire plant to give com- 
plete immunity. 


AN ATTACK ON 
PHENYLKETONURIA 

An increasing number of public health 
authorities in Britain are testing the 
urine of new-born babies in their areas 
to detect cases of the bizarre condition 
known as phenylketonuria. Estimated to 
occur once in every 40,000 births, this 
genetic disorder of metabolism calls for 
early diagnosis and drastic treatment if 
the child is to be saved from mental 
deficiency. Due to an inherited defect in 
an enzyme present in the liver, the 
phenylketonuric is unable properly to 
metabolise the amino acid, phenylalanine, 
found in all dietary proteins. When an 
affected child is fed milk or other protein- 
containing food, phenylketones accumu- 
late in the blood, metabolism of the 
protein-builder tryptophane becomes de- 
ranged, and brain development is arrested 
with consequent mental defect. 

If the trait is detected within a few 
weeks of birth, that unfortunate result 
can be averted by giving the child a diet 
low in phenylalanine. (Prepared food- 
stuffs for such a diet can now be obtained 
through the National Health Service.) 
The disease is diagnosed by finding 
phenylpyruvic acid in the urine through 
the ferric chloride test, and confirmed by 
suitable blood studies. A convenient 
modification of the test is being used to 
screen British babies. A strip of absor- 
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bent paper impregnated with a reagent is 
pressed against a damp spot on the 
infant’s napkin; if a colour-change takes 
place the child is immediately referred to 
hospital for a fuller investigation. 


DETECTING ABNORMALITIES 
WITH A RADIOISOTOPE 
SCANNER 

The Johns Hopkins Hospital in Balti- 
more, U.S.A., has developed a new radio- 
isotope scanning device for studying 
internal organs of the body. The patient 
is first given a dose of the isotope which 
characteristically concentrates in the organ 
to be examined. After a suitable interval 
the scanner is moved back and forth over 
the part of the body under study at a rate 
of 5-10 in. / minute. 

The gamma radiation detected by the 
sodium iodide crystal in the unit is ampli- 
fied through a photorecorder and acti- 
vates a light which, moving in parallel 
with the scanner, exposes x-ray film 
placed on another table. The intensity of 
the light and the resultant darkening of 
the film is proportional to the amount 
of radioactivity beneath the probe. The 
result is a succession of small rectangles, 
ranging from white to black, over the 
area scanned. This mosaic is then super- 
imposed on an ordinary x-ray picture of 
the same part of the body. 

To examine the liver, the patient is 
given silver-coated colloidal gold that 





Thyroid scan, illustrating substernal 
goitre. 


has been rendered radioactive. For the 
kidney, a preparation of radioactive mer- 
cury is used, and for the brain or heart, 
radioactive iodine contained in human 
albumin. 

In certain circumstances, the method 


has advantages over ordinary x-rays, |t 
can often more readily reveal alterations 
in the size and extent of an organ and the 
differences in the consistency of tissue, 
thereby giving a better idea of abnor. 
malities. It will, for example, detect vas. 
cular abnormalities in a kidney since the 
radioisotope will not be carried into the 
parts in which vessels are blocked. It will 
also show up tumours in the brain and 
in the centre of the liver because of the 
failure of the radioisotopes to concen. 
trate in abnormal tissue. The technique 
can also be used to distinguish between 
the actual enlargement of the heart and 
apparent enlargement due to accumula. 
tion of fluid in the fibrous sac surround. 
ing it since the radioisotope does not 
concentrate in the fluid. 


AIR TRAFFIC CONTROL GOES 
AUTOMATIC 

With the traffic in the civil air lanes grow. 
ing in density, the task of the control 
officer is becoming more and more con:- 
plex. There are now many more aircraft 
to watch and monitor than in the past and 
air speeds have doubled with the advent 
of big jet airliners. Prior information on 
the movements of these aircraft has to 
be obtained speedily if hazards are to be 
avoided. Since the air traflic control 
officers were already well occupied before 
the coming of the jets, the introduction 
of automatic equipment to assist them has 
become mandatory. 

At the convention of ATC officers in 
Bournemouth, Charles Dowling Jr., of 
the U.S. Federal Aviation Agency, 
reported that the FAA now has six oper 
tional computers in service plus an expeti- 
mental programme. One of the devices 
being evaluated, called FLIDEN (Flight 
Data Entry Equipment), employs a digital 


computer and display techniques to facil: | 


tate the accurate and easy composition of 
flight plan information. Another system 
under development provides for auto 
matic flight plan processing. 

A representative of N V Hollands 


Signaalapparaten described the advance | 
SATCO system. This transistorised ust) 


makes it possible for controllers an 


others on the ground to be ready for aif | 


craft when they arrive by quickly provit- 
ing information on flight plans, progres 
along the route, and arrival overhead. 


Controllers from the U.K. called frp 
the greater and better use of radars, af 


important demand which those from 


other countries agree is vital. The snag if 
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always money, of course, but the Ministry 
of Aviation here is recognising the need 
by spending £1 million on an automatic 
control system at the Scottish Control 
Zone of Redbrae that is expected to be 
operational next spring. 


STUDYING BERYL WITH THE 
HOT-STAGE MICROSCOPE 
The increasingly important metal, beryl- 
lium, can be extracted from the mineral 
beryl (3BeO-Al,O,°6SiO,) by melting it 
at 1700°C and.then quenching it and treat- 
ing the resulting glass with sulphuric acid. 
The identification of the phases formed 
on cooling and further heat treatment are 
being studied with a hot-stage microscope 
at the National Chemical Laboratory 
This instrument, developed at the Build- 
ing Research Laboratory, consists of a 
small electrically heated thermocouple 
mounted in an appropriate cell on the 
stage of a conventional microscope. The 
sample of beryl is held in the small loop 
at the junction of the thermocouple wires 
and the circuit is designed to allow 
simultaneous heating and temperature 
measurement. After a desired heating 
and cooling sequence, the phases can be 
identified by x-ray diffraction techniques. 
The photographs below show the melting 
of the beryl and the crystallisation of the 
BeO on cooling. A is the clear melt, B an 
aggregate of hexagonal crystals, and C 
an elongated needle modification (mag- 
nification 30 x ). 


A NEW THEORY ON 
THUNDERSTORMS 


Could chemical reactions be the cause of 
thunder-cloud development? Investiga- 
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tions of the electric charges in the atmo- 
sphere have naturally tended to consider 
largely meteorological and physical fac- 
tors but a recent paper in the Journal of 
the Franklin Institute by R. U. Konow 
of Finland has approached the problem 
from a novel standpoint. 

Following up his own earlier work on 
the mechanisms of oxidation reactions, 
Konow suggests that under the influence 
of ultra-violet radiation, water may react 
with oxygen to form hydrogen peroxide, 
which then decomposes to water and free 
oxygen. The oxygen atoms, being reactive, 
might then absorb free electrons from 
the atmosphere to form negative ions 
which leave the atmosphere with the rain. 
This action may be responsible for the 
positive charge of the main part of the 
atmosphere. 

If the ions act as_ water-collecting 
nuclei, the repulsive force due to their 
like charges may be overcome by the 
effect of hydrogen. Though weak in 
water, these bonds are strong in ice. 

There have been earlier observations 
that cold and the formation of ice are 
necessary for the accumulation cf elec- 
tricity; the theory provides a possible ex- 
planation for this and the generation of 
lightning. As the snowflakes grow heavier 
and fall to the warmer part of the atmo- 
sphere, the hydrogen bonds weaken and 
may release the charge as an explosion 
which affects a whole cloud simul- 
taneously. If the bonds weaken more 
gradually in regions of intermediate tem- 
perature, the discharge may occur as the 
well-known St Elmo’s fire. 

Among meteorologists there tends to 


be a certain amount of scepticism about 
such theories since it is sometimes pos- 
sible to find apparent confirmation in 
jaboratories which is later disproved by 
observations in the atmosphere. Yet this 
theory does seem one which could use- 
fully have a first critical examination in 
an earth-bound laboratory. 


ANTIBIOTICS, GERMS, AND 
PATIENTS 

Since antibiotics were introduced it has 
been assumed that the resistance which 
bacteria develop to them is due to some 
alteration on the part of the bacteria. 
Now, two research workers in Madrid 
suggest, in Nature, that the germs are not 
always entirely responsible when the 
antibiotic becomes less effective and that 
the patient himself may make a contri- 
bution. They believe that the drug may 
stimulate the body to make substances 
antagonistic to it. In non-infected rabbits 
they showed that it is possible by repeated 
injections of an antibiotic, Kanamycin, 
to obtain a serum containing the anti- 
biotic which has a smaller inhibitory 
effect on the growth of a germ than the 
equivalent amount of Kanamycin usually 
has in laboratory tests. The serum, they 
conclude, contains a special substance 
which inactivates the antibiotic. Further 
tests have indicated the presence in the 
serum of specific antibiotics against 
Kanamycin. 

If the work is confirmed it may intro- 
duce a new element in the treatment of 
infections by compelling consideration 
of the relationship between antibiotic 
and patient as well as that between anti- 
biotic and germ. 








The 21 chromosome pairs of wheat (Triticum aestivum) 
at meiosis* (1200 x ) 


GENETIC MANIPULATION 


Rye Wheat Hybrid 





OF WHEAT 


RALPH RILEY 


New techniques for transferring useful genes from rye (7 pairs of chromosomes) to wheat (21 pairs) 
are contributing new knowledge to plant cytology and genetics. Research in this area is expected to 
produce a significant impact on both fronts. 


Over the past decade or so, considerable interest has 
developed in the use of new genetic techniques to improve 
wheat. These techniques have given renewed impetus to 
attempts to transfer useful genes (controlling disease 
resistance or winter hardiness, for example) to wheat from 
related species such as rye. Although such transfers have 
often been attempted in the past, they have been frustrated 
by the absence of recombination between the chromosomes 
of wheat and those of rye (or some other species) at 
meiosis* in the hybrids. 

The purpose of this article is to describe some of the 
ways in which chromosomes can be manipulated to over- 
come this barrier and so permit the introduction of foreign 
genes controlling desirable characteristics. The new 


* The cell divisions that lead to the formation of the sexual 
reproductive cells, in this case eggs and pollen grains. 





Ralph Riley, Ph.D., is in charge of the Cytogenetics Section of 
the Plant Breeding Institute, Cambridge. 
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methods have considerable appeal, but our experience is 
still too limited for a forecast to be made of the extent to 
which they may eventually supplement the conventional 
approach to wheat improvement. However, before 
describing the more novel techniques it is necessary to 
discuss the nature of wheat and the usual approach to its 
improvement. 


CONVENTIONAL METHODS OF 
IMPROVEMENT 


Wheat is a self-fertilising crop with many genetically 
distinct and true-breeding varieties. Most attempts to pro- 
duce new and improved stocks depend initially upon 
hybridisation between existing varieties. In the generations 
which follow the hybridisation, the genetical attrioutes of 
the parents segregate and are re-formed into new combina- 
tions and patterns. The wheat breeder selects amongst the 
segregating lines, retaining some and discarding others, and 
in this way moulds the genetic material so that it produces 
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a combination of characters approaching his ideal. After 
some generations, segregation diminishes and ultimately 
ceases, by which time new arrays of characters are fixed 
and the successful breeder has produced his new variety. 
This may merely associate together different desirable 
attributes of both parents or, more rarely, the variety may 
surpass both parents in some economically important 
character. 

The processes of recombination and segregation which 
breeders exploit depend upon the behaviour of the chromo- 
somes of the parental varieties. The chromosomes, of 
course, carry the genes—the determinants of the hereditary 
properties of the individual—in a single linear arrange- 
ment along their length. At meiosis, each chromosome 
associates with its single similar partner amongst the 
remainder of the complement. (The chromosomes which 
pair will have been derived many cell generations earlier, 
one from the pollen nucleus and one from the egg nucleus 
which fused in fertilisation.) During meiosis, the associated 






The 7 chromosome pairs of rye (Secale cereale) 
at meiosis* (1200 x) 


chromosomes break and join with their partners at various 
points along their lengths, so exchanging segments (Fig. 1). 
Subsequently the rearranged partners separate, one member 
of each pair passing to each of the daughter cells. Coh- 
sequently the resulting germ cells have half the number of 
chromosomes found in normal somatic cells of the plants 
on which they are produced. The number, and the duplicate 
condition of each member of the complement, is restored 
on fertilisation. However, the plants derived from hybrids 
have new patterns of genes on their chromosomes since the 
partner chromosomes that exchanged segments had dif- 
ferent gene-contents. The new arrangements of genes give 
rise to the genetic variations amongst which the breeder 
selects (see Fig. 2). 

This approach to wheat improvement is adequate for 
getting a particular combination of characteristics from dif- 
ferent varieties of wheat, but many desirable genetic 
characteristics that do not exist in wheat can be found in 
species related to it. For example rye (Secale cereale) has 


FIG. 1. Exchange between chromosomes at meiosis. The chromosomes are transformed to a double 
structure, exchange segments, and produce four gametes, or sexual cells. 
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SEVERAL GENERATIONS OF 
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FINAL STABILIZED SEGREGANTS WHEN BOTH PARTNER 
CHROMOSOMES HAVE THE SAME GENE CONTENT. MANY 
DISTINCT SEGREGANTS CAN BE OBTAINED FROM MOST 
INTERVARIETAL HYBRIDS, THE DIFFERENCE BETWEEN THEM 
DEPENDING ON THEIR CARRYING DIFFERENT ASSORTMENTS 
OF THE GENES OF THE TWO PARENTS 


FIG. 2. A diagrammatic illustration (based on a single pair 
of chromosomes) of the segregation and recombination 
which follows intervarietal hybridisation. In wheat 
hybrids, the same process occurs in all 21 pairs. 


resistance to diseases, tolerance of inferior soils and winter 
hardiness, such as is never found in wheat, and species of 
Aegilops and Agropyron have outstanding disease resis- 
tance. Although these species are sufficiently closely related 
to wheat, phylogenetically, for hybrids to be made, there 
is nO meiotic pairing between the chromosomes of the 
different species involved in the hybrids. Therefore the 
genes of these species cannot be combined on the same 
chromosomes as wheat genes by conventional breeding 
methods, and to exploit the useful variation other 
approaches must be devised. 


ALIEN CHROMOSOME ADDITION LINES 


Useful examples of the methods being tried for the trans- 
fer of foreign genes into wheat may be drawn from work 
at Cambridge with wheat-rye combinations, although 
similar methods are being pursued with Aegilops and 
Agropyron combinations. Wheat has 21 pairs of chromo- 
somes (top of p. 514) and rye has 7 pairs (top of p. 515). 
Normal hybrids between these two species have 21 unpaired 
wheat and 7 unpaired rye chromosomes, which do not 
associate at meiosis (Fig. 3). As a consequence rye and 
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wheat genes are never combined together on the same 
chromosome. Moreover, genetically unbalanced gametes (re. 
productive or germ cells) are produced so that the hybrids 
are sterile. However, when the hybrids are treated with the 
drug colchicine the chromosome number can be doubled— 
each originally single chromosome being represented twice, 
The resulting 56-chromosome hybrid is fertile since each 
chromosome associates with its identical partner at meiosis 
and genetically balanced gametes are formed. Fig. 4 illus. 
trates normal mitosis and the effect of colchicine. 

The complete genetic systems of wheat and rye do not 
operate together harmoniously so that the 56-chromosome 
hybrid is not an agriculturally satisfactory plant in terms 
of fertility and vigour. It should be stated, however, that a 
major piece of work in Sweden under Dr Arne Miintzing 
has the object of upgrading plants of this constitution for 
cultivation in areas which are at present predominantly 
rye-growing. 

As the full gene-sets of wheat and rye do not harmonise, 
a number of investigators have considered it more reason- 
able to add to wheat only that smallest part of the genetic 
apparatus of rye necessary to transfer the genes controlling 
a useful character. This has involved, in the first instance, 
the addition of single pairs of rye chromosomes to the full 
wheat complement. The resulting lines, with 22 pairs, have 
a balanced chromosome constitution and might, therefore, 
be expected to be true-breeding and fertile and yet show 
the effects of some of the genes on the particular foreign 
chromosome transferred. 


FIG. 3. Meiosis in 28-chromosome wheat-rye 
hybrid. Only one pair has been formed, probably 
between two wheat chromosomes (900 x ). 
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In the production of these so-called “addition lines” the 
56-chromosome wheat-rye hybrid is hybridised with wheat 
to give a 49-chromosome plant (Fig. 5). This has all 21 
pairs of wheat chromosomes plus 7 unpaired rye chromo- 
somes. When the 49-chromosome plant is also hybridised 
with wheat, the unpaired rye chromosomes segregate 
irregularly so that they are passed to the offspring in vary- 
ing numbers. Individuals with 43 chromosomes, that is, 
with the full wheat complement plus a single rye chromo- 
some, are selected from this range of plants. Meiosis in a 
43-chromosome plant is illustrated in Fig. 6, the rye 
chromosome showing clearly as the only one remaining 
unpaired. The 43-chromosome plants are allowed to self- 
pollinate and amongst their progenies a small proportion 
of 44-chromosome individuals are formed. These have the 
rye chromosome, which was present only once at the 
43-chromosome stage, represented as a pair and from them 
the addition lines are established. 

Since rye has 7 pairs of chromosomes with distinctive 
gene-contents, 7 different lines can be produced. Each rye 
pair produces an individual and characteristic effect on the 
appearance of the wheat to which it is added (Fig. 7) and 
the modifications are often very pronounced. To give an 
example, chromosome II of rye increases the juvenile 
growth-rate of wheat, makes the leaves broader and darker 
green, increases the length and thickness of the straw, 
modifies the conformation of the ear, changes the colour 
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STRANDS SEPERATE NUCLEAR MEMBRANE FORMS AROUND 
BUT THERE IS DIVIDED CHROMOSOMES. CELL DOES 
NO CONTROLLED NOT DIVIDE. CHROMOSOME 
MOVEMENT NUMBER THUS DOUBLED 
APART 


FIG. 4 Diagrammatic representation of normal mitosis (top) and the manner in which colchicine doubles the number 
of chromosomes (bottom). Colchicine inhibits the formation of the spindle upon which the even separation of the 
chromosomes depends; thus, chromosome division occurs without cell division. 


of the grain from pale yellow to red, and gives the plant 
resistance to yellow rust and mildew—important fungal 
diseases of wheat. 

Rye chromosomes II and III can both improve the 
resistance of wheat to disease. In similar work, Dr E. R. 
Sears of the University of Missouri has shown that the 
transfer of a chromosome of Aegilops umbellulata—a wild 
grass—can give outstanding resistance to leaf rust. 
Dr D. R. Knott in Saskatoon found that a chromc me of 
Agropyron—couch grass—gives good resistance . stem 
rust. Other addition lines involving Agropyron chromo- 
somes were shown by A. M. Schlehuber in’Oklahoma and 
A. Wienhues-Ohlendorf in Cologne to have improved leaf- 
rust resistance. 

Fungal disease resistance is one of the easiest agricul- 
turally significant characters to recognise; it is as yet not 
clear whether addition lines show other useful modifica- 
tions of wheat. Unfortunately, the adverse effects of 
additions more than counterbalance the improved disease 
resistance. In particular, fertility is diminished and the 
lines are often not stable—returning to the chromosome 
constitution of wheat as a result of the loss of alien chromo- 
somes at meiosis. Consequently, it seems unlikely at this 
stage that addition lines will be taken directly into cultiva- 
tion. Nevertheless, if no other means were available of 
introducing the desired alien variation into wheat, addition 
lines could in time be made productive enough to be of 


513 

















| w(2ipains)| x |R (7 Pairs) | 
% a 


w (21) R (7) 





| W(2I UNPAIRED) R(7UNPAIRED) | 





COLCHICINE TREATMENT 








| w (21 PAIRS) R(7 PAIRS) | x | w (21 PAIRS) | 
| 








Ww (21) 


| 
w (21) R(7) 
' scacscncstaa eA 


—— 














| w (21 PAIRS) R(7UNPAIRED)| x | W (21 PAIRS) | 
| 


w(21) R(O TO7) 





W (21) 











| w.(21 PAIRS) R (0 TO7UNPAIRED)| = | W (21 PAIRS) | 
l 


| SELECT 





| w (21 PAIRS) R (1 UNPAIRED) | 


| 
w(2!1) R(O TO 1) 


SELF —~POLLINATION 





W (21) 


w(21) R(i) 
‘1 col 











|w(2i PAIRS) R(O)| | W(2I PAIRS) R(I UNPAIRED)| [W(2I PAIRS) R (1 PAIR)] 





W = WHEAT CHROMOSOMES 
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FIG. 5. A procedure used in making additions of single 
pairs of rye chromosomes to wheat. 


FIG. 6. Meiosis in a plant with a single rye chromosome 
(arrow) added to the full complement of 21 pairs of 
wheat chromosomes. Rye chromosome is recognisable 
because it is unpaired (900 x ). 
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FIG. 7 (above). Plants of (a) rye, (b) wheat, 


(c) 56-chromosome wheat-rye hybrid, and (d to hi) 


ADDITION LINE addition plants with a pair of rye chromosomes 


added to the full wheat complement. The rye pai 
added are (d) chromosome I, (e) chromosome II, } 


(f) chromosome III, (g) chromosome IV, (h) 
chromosome V. 


value where their use would overcome particular hazards 
to the cultivation of the crop. 


ALIEN CHROMOSOME SUBSTITUTE LINES 


Not to be frustrated by difficulties with addition lines, 
some cytogeneticists are now experimenting with “‘substitu- 
tion” lines. These have 42 chromosomes—the normal 
number in wheat—but one of the wheat pairs is replaced 
by an alien pair. The substitution condition is achieved in 
wheat-rye material by hybridisation between addition lines 
and 41-chromosome “monosomic” wheats that lack a single 
chromosome. The full set of 21 monosomic lines, deficient 
in turn for one member of each of the 21 pairs of wheat, 
has been assembled by Dr Sears. These chromosome- 
deficient plants are the result of meiotic errors and are 
useful in many forms of genetic and breeding work. 

The first hybrid used in the substitution procedure has 
20 pairs of wheat chromosomes plus a single wheat and a 
single rye chromosome (Fig. 8). Amongst the progeny 
resulting from a further hybridisation between the first 
42-chromosome hybrid and the addition line are some 
43-chromosome plants which have 20 wheat pairs, one 
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FIG. 9. Meiosis in a plant with a rye chromosome pair 
(arrow) substituted for a wheat pair. In order to follow 
the rye pair cytologically in the production of the 
substitution, it is marked by making one chromosome 
longer than the other. From plants with a marked pair 
like this, plants with two normal chromosomes can be 
derived (900 x ). 


rye pair and a single wheat chromosome. When the 43- 
chromosome plants are allowed to self-pollinate, there may 
be found amongst their progenies some 42-chromosome 
plants which have 20 wheat pairs and one rye pair. The 
wheat chromosome which was present singly in the 
41-chromosome plant has been replaced by the alien pair 
from the addition line. Meiosis is illustrated in a plant of 
4 this type in Fig. 9, the rye pair showing as an asymmetrical 

] ’\ structure. The asymmetry is due to the deficiency of one end 
\ * ) v4 ; ee FIG. 8 (below). A procedure used in making 
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substitutions of single pairs of rye chromosomes 
for single pairs of wheat. 
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of one of the rye chromosomes. Chromosomes with 
deficiencies like this are used during the construction of the 
substitution lines to mark the alien pair, so that it can be 
followed cytologically. Plants with two normal chromo- 
somes can be obtained from those with one normal and one 
deficient chromosome. 

There are reasons for believing that substitution lines 
may be more stable than addition lines, but experience is 
still too limited to make any assertions about their practical 
significance. It is certain, however, that all the possible 
permutations of substitutions of rye chromosomes for 
wheat cannot be achieved. Many combinations are inviable 
and it appears that an alien chromosome will only 
efficiently replace a wheat chromosome which it matches 
in genetic activity. Nevertheless some interesting substitu- 
tions of rye chromosome II (which gives immunity to 
yellow rust) for various wheat chromosomes have recently 
been produced at Cambridge (Fig. 10). At Saskatoon, Dr 
Knott has obtained a particularly promising substitution in 
which an Agropyron chromosome carrying a gene for stem 
rust resistance replaces wheat chromosome VI. A poten- 
tially valuable line in which wheat chromosome XVI is 
replaced by an Agropyron chromosome, giving leaf rust 
resistance, has been isolated by J. S. Bakshi and Schlehuber 
in Oklahoma. In experiments with tobacco, the introduc- 
tion of the mosaic disease resistance from related species 
into commercial tobacco (Nicotiana tobacum) was shown 
to have been due to chromosome substitution. Thus, alien 
chromosome substitution is providing the plant breeder 
with interesting and potentially rewarding material. 


INDUCED TRANSLOCATIONS WITH 
X-RAYS 

The addition and substitution methods both have a major 
disadvantage. In order to incorporate in wheat that small 
part of an alien chromosome which contains a useful gene, 
it is necessary also to include many neutral or even 
deleterious genes. Dr Sears realised that the way round 
this problem lay in the use of x-irradiation. 

Chromosome breakage is one of the well-known forms 
of genetic modificatfon which follows the exposure of the 
nuclei of living cells to x-rays. Occasionally the broken ends 
reunite and sometimes, when two chromosomes break 
simultaneously, the broken ends join in a new way so that 
part of one chromosome becomes attached to another. An 
event of this kind, called a “translocation”, leads to the 
formation of a chromosome with a new genetic structure. 
Dr Sears hit on the idea of using x-rays to make recombina- 
tions between wheat and alien chromosomes that do not 
occur at meiosis because of the lack of pairing (Fig. 11). 
Irradiation was used on plants which had all the wheat 
chromosomes plus a single chromosome of Aegilops 
umbellulata giving greatly improved resistance to leaf rust. 
Rust resistant plants were selected from amongst the pro- 
geny of the irradiated parents. Examination of the chromo- 
somes of the resistant individuals showed that some simply 
had the alien chromosome in its unaltered state, but others 
had translocations involving the shift of part of the 
Aegilops chromosome on to a wheat chromosome. Subse- 
quently, 42-chromosome plants were isolated which had a 
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FIG. 10. Effect of rye chromosome JI substitutions: (a) 
normal wheat, (b) wheat with the addition of the rye 
chromosome il pair, (c) wheat with the substitution of the 
rye chromosome II pair for a wheat pair, (d) wheat with 
40 chromosomes, deficient for the pair replaced by the 
rye chromosome II pair in (c). The defects caused by the 
absence of the wheat pair are clearly overcome by the 
presence of the rye pair 


wheat chromosome pair with translocations of the alien 
chromosome segment that gave disease resistance. 

One of the derivatives of this procedure has been given 
the varietal name “TRANFER” and is now widely used in 
conventional breeding programmes in North America. The 
leaf rust resistance of Aegilops umbellulata—unlike any 
available within bread wheat—is thus permanently avail- 
to wheat breeders throughout the world and there is no 
need for any further recourse to the wild grass. 

Similar work at Washington State University has resulted 
in the induced translocation of the part of an Agropyron 
chromosome carrying a stem rust resistance gene on to 4 
wheat chromosome. At Cambridge one promising line has 
the translocation to wheat chromosome III of the region of 
rye chromosome II which causes yellow rust immunity. 

This technique, therefore, offers tangible rewards in the 
incorporation of limited components of alien variation. In 
the use of X-rays in breeding work it has the advantage over 
induced gene mutation—often recommended as a breeders’ 
tool—in that the appropriate gene is already present; it is 
merely a matter of shifting it to the right place. However, 
there are some practical difficulties. For example, a0 
immense range of different translocations involving on¢ 
segment of an alien chromosome is possible. Segments of 
varying size can be shifted to innumerable places on aly 
of the 21 pairs of wheat chromosomes, replacing wheal 
segments of varying size. The genetic efficiency of the new 
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structure will depend on the gene content of the alien seg- 
ment introduced and of the wheat segment it replaces. It 
may therefore be necessary to examine many translocations 
before a satisfactory one can be found. Nevertheless the 
success of the Aegilops-derived variety “TRANSFER” has 
given tremendous stimulus to this type of work. 


CHROMOSOME V—THE KEY TO PAIRING 


Yet a further method of introducing the genetic variation 
of related species has recently been proposed as a result of 
work at Cambridge. To understand the background of this 
it is necessary to explain that wheat is a polyploid species 
of hybrid origin. Its 42 chromosomes consist of the full 
sets of 14 from each of 3 distinct diploid species—brought 
together in nature in a way analgous to the experimental 
development of 56-chromosome wheat-rye hybrids. At 
meiosis in wheat, corresponding chromosomes of the dif- 
ferent ancestral sets of 14 never pair—each chromosome 
associates only with its single identical partner. It has been 
possible to demonstrate, however, that this is due to the 
activity of one particular wheat chromosome, number V. 
When this chromosome is absent, meiosis takes a very dif- 
ferent form—matching chromosomes from the different 
ancestral species can then pair. The normal regulation of 
meiosis by chromosome V probably resulted from the 
selection of a mutation which arose subsequent to the origin 
of polyploidy in the crop. 

It was reasoned that if the activity of chromosome V 
prevents pairing between chromosomes of the different 
14-chromosome sets, then perhaps it is also responsible for 
the lack of pairing between wheat chromosomes and those 
of other species in contemporary hybrids. When hybrids 
were made which lacked chromosome V this was indeed 
found to be so; wheat chromosomes then associated with 
those of other species, such as rye. If meiotic pairing occurs, 
there must be genetic recombination. Thus the major 
obstacle, which made necessary the study of alien chromo- 
some additions and substitutions and x-ray induced trans- 
locations, can be overcome. 

However, much further investigation may be needed 
before satisfactory and efficient techniques are derived for 
exploiting this discovery. It is necessary to learn how to 
handle the V-deficient hybrids in order to obtain the large 
numbers of derivatives probably needed to recover useful 


recombinations. The subsequent procedure will be to 
hybridise back into wheat, following and selecting for the 
character to be transferred. Nevertheless, there is now no 
meiotic barrier to the inclusions of alien genetic variation 
in wheat improvement programmes. The reservoirs of 
variation which could not previously be reached may soon 
be tapped to supply the wheat breeder with material needed 
for further advances in the utilisation of the crop. 


CHROMOSOME MANIPULATIONS AND 
GENETICS 


In this area of activity, the manipulations used have 
resulted in the production of many cytogenetically novel 
Situations. These in turn have thrown new and often 
revealing light on the genetic organisation of the plants 
concerned. Thus from this work has come the first under- 
standing of how meiosis is genetically regulated in a poly- 
ploid of hybrid origin. This has wider implications if we 
are to comprehend the evolution of higher plants as a whole 
since one-third to one-half are of polyploid origin, as are a 
majority of crop plant species. 

The production of stocks with unusual chromosome 
numbers, on which many of the manipulations described 
above are based, has advanced further in wheat than in any 
other crop species. Cytogenetically abnormal individuals are 
viable in wheat more often than in other species because of 
the large degree to which essential genes are duplicated or 
triplicated on corresponding chromosomes of the different 
ancestral set. The consequence of this is that the plant is 
buffered against many modifications of its chromosome 
constitution. Probably few other crop species will be as 
amenable to cytogenetic manipulation as wheat, although 
the work with alien chromosome additions and chromo- 
some deficient lines in tobacco—also a polyploid—should 
not be overlooked. 

The chromosome manipulation work with wheat has 
drawn upon earlier academic plant cytology and genetics 
and is now contributing new knowledge to these parent 
disciplines. It is therefore an enterprise in which attempts 
to solve immediate and practical problems are happily 
amalgamated with basic research. With the techniques, 
plant material, and knowledge now available, further sig- 
nificant impacts on both fronts may be expected in the 
future. 


FIG. 11. The sequences in the development of translocations involving the transfer of alien 


material on to wheat chromosomes. 
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TELEVISION IN THE SCIENCE CLASSROOM 


HUGH PITT 


The value of television as a teaching aid has been proved beyond doubt. But after three years, the 
television organisations are still confronted with the almost insurmountable problem of trying to develop 
a set of programmes that will satisfy the needs of an entire nation. 


Regular television programmes for schools over the past 
three years have convinced educationists, teachers, and 
various advisory bodies, as well as the children, that the 
medium has a definite part to play in the classroom. But it 
is still not at all clear just what that part is, or how tele- 
vision can be used to the best advantage within the school 
curriculum. 

Each week during term time, nearly eleven hours of 
programming are devoted to schools by the BBC and the 
independent television company, Associated-Rediffusion 
Limited. Four of these hours are given over to programmes 
with a scientific bent. Some 1500 schools in England, 
Wales, Scotland, and Northern Ireland are now equipped to 
receive television programmes from either or both the BBC 
and AR-TV, and the number is increasing every term. 

On top of this is the comparatively small contribution 
made by the northern independent company, Granada TV 
Network Limited. The transmission area is largely that 
around Manchester where there are said to be some 250 
schools that are capable of taking these programmes. Tele- 
vision Wales and the West, another independent company, 
is also transmitting these programmes. For the past year, 
Granada has been originating a half-hour science pro- 
gramme specifically aimed at sixth form science students; 
with two repeats, total broadcast time is 14 hours a week. 
The company has now added a half-hour programme on 
current affairs that is also repeated twice. 

Since BBC transmits over the greatest area, it tends to 
get the largest school audience. Although recent figures are 
not available, BBC stated a year ago that something like 
36%, of the viewing schools lay outside the transmission 
areas of the independent television companies that carry the 
AR-TV programmes. 


BASIC DIFFICULTIES 


Before any assessment can be made of the programmes 
produced, some consideration must be given to the basic 
difficulties of providing this service. It is generally agreed 
that television should be used purely as a supplement to 
the work of the teacher, bringing home to the child the 
sight and sound of the world beyond his classroom window, 
showing by means of its enormous resources the practical 
applications of learning. But, like most things, the situation 
is far from ideal. In providing television for schools, BBC 





Hugh Pitt, a free-lance writer, authored a number of science 
programmes for Associated-Rediffusion from 1957 to 1958, during 
which he was the script editor for its New Horizon series. He has 
written or contributed to more than 150 other television pro- 
grammes on contemporary affairs. 


and AR-TV must take into account the fact that no school 
time-tables are the same; that primary, secondary, and 
grammar schools have different requirements and types of 
students; and that a somewhat diffuse range of subjects 
must be considered. 

Although science programmes often make the most 
exciting television, they are also the most difficult to do, 
In an English programme, the “set book” for the General 
Certificate of Education examination may be an obvious 
choice, and television would be a definite help; yet it may 
actually be a waste of time for a child to watch a science 
programme because science covers such a broad range of 
subjects and any television series can only deal with a 
limited number. 


THE PROBLEM OF SCHEDULING 


First, however, let us consider the scheduling problem. 
It is often quite impossible for schools to adjust their time- 
tables to accommodate a particular television series because 
these time-tables may involve some 400 children and a great 
number and variety of teaching staff. It is equally impos- 
sible for BBC and AR-TV to plan their showings to please 
every school. Because of this situation—and it may well be 
insurmountable—many classes see a particular series only 
if the head teachers happen to juggle their schedules accord- 
ingly. The head teachers say they do try when they receive 
specific requests from teachers but it is often an impossi- 
bility. This is a bitter pill for BBC and AR-TV to swallow. 
The television organisations try to get around this difficulty 
by announcing the programmes well in advance and offer- 
ing beautifully prepared notes for teachers and pupils, but 
the basic scheduling problem still remains. 

One teacher in the London area suggested that the 
problem might be reduced by transmitting some of the 
programmes during the lunch hour. The answer by BBC 
and the independents to this one is that the air-space at 
this particular time is devoted to adult shows. Granada, 
however, gives a repeat of each of its two half-hour school 
programmes during lunch time in addition to a repeat 
showing of each at another time. 


THE PROBLEM OF CONTENT AND 
COMPLEXITY 

Most of the programmes seem to be aimed towards the 
secondary school. Compared with the grammar school— 
where the accent is wholly on passing examinations fot 
University or Further Education courses—the secondary 
school has a much easier approach to education, a much 
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smaller emphasis on examination, and a much less strict 
syllabus. But these schools have other probiems; a number 
of them lack science teachers because of the grave shortage. 

There are a total of five science series being presented by 
BBC and AR-TV at the present time; two are the “simple 
science” type and three are the “enrichment” type. Most 
of the programmes last twenty minutes. (The four hours 
devoted to science programmes each week include repeat 
showings.) 

The BBC’s Discovering Science for the 11-12 age 
group, or AR-TV’s The World Around Us for the 10- 
year-olds (Fig. 2), is of tremendous value in helping the non- 
specialist teacher with his science class. But where there is 
a specialist teacher, the programmes frequently do little 
more than could be accomplished in the classroom. The 
various demonstrations—from ringing bells in vacuums to 
air-flow over aerofoils—are all within the range of the 
competent science teacher’s own laboratory. If the sug- 
gestion were ever made that these “simple science” pro- 
grammes be abolished altogether, there would probably be 
a general outcry from both the television planners and the 
schools. Still, television is not going to meet the overall 
need by going in this direction as it expands its science 
programming; there is neither the “air-space” nor justifica- 
tion. 

The “enrichment” programme comes closest to the ideal 
goal—the use of television as a means of giving the student 
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what he cannot get in the classroom. The grammar schools, 
with their specialist teachers and laboratories, are the ones 
who could benefit the most from these programmes but, 
paradoxically, they use them the least. They comprise, how- 
ever, only about 8% of the total number of schools regis- 
tered with the BBC and AR-TV this term. It is not that the 
grammar school headmasters and headmistresses oppose or 
are blind to the advantages of the television programmes; it 
is, rather, that they are faced with the difficult task of 
preparing their students for rigid examinations within a 
limited time. As one headmaster put it: “I just cannot 
disrupt the whole school time-table for the sake of one 
television series. We have a certain amount of time to get 
these children through their exams, and classroom require- 
ments take all that time and more.” 

The best of the “enrichment” programmes is undoubtedly 
the Natural History series of the BBC (Fig. 3). Apart from 
the personality of Prof. W. S. Bullough, Professor of 
Zoology at Birkbeck College (London University), it is 
quite obvious that anything to do with animals has a natural 
appeal to the child. These programmes are valuable no 
matter how they are used, whether for classes taking biology 
or just generally broadening the child’s knowledge of the 
world. They are probably the most popular of any series. 

The other “enrichment” programmes come in for varied 
criticism: Science and Life by BBC, for the 13-14 age 
group, is quite suitable for secondary school boys but the 


FIG. 1. Students at a Kent secondary school watching a science programme. 
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Air pressure effects 


Specific gravity demonstration—light white ball 
floats in water, heavier black ball sinks. 


Fig. 2. AR-TV’s The World Around Us for |0-year-olds, with James Ottoway. 


subjects Transport, Power, The Age of Steam, The 
Changing Ship, The Story of the Motor Car and so on—are 
hardly likely to appeal to girls. “It is a waste of time for my 
girls to look at these programmes, they just aren’t interested 
in them,” commented the headmistress of a Girls Secondary 
School in Middlesex. 

The Story of Medicine by AR-TV for fourteen-year- 
olds, on the other hand, appeals to both boys and girls; it 
started this term and will continue through the year. In 
one East London school where the writer watched this pro- 
gramme with a class, it stimulated considerable discussion 
and enthusiasm. 

People of Many Lands (BBC, 10—11 age group) has not 
been included in this survey because it is not really a 
science programme although it has an anthropological 
slant and quite obviously shows children far more than can 
be done in any classroom. 

Although BBC and AR-TV endeavour to contribute 
towards sixth form work (15-17 years of age) in history, 


art, and current affairs, they offer no scientific programmes 
for this age group. During the spring of this year, BBC 
offered a series called Science for Sixth Forms (Fig. 4) 
but it drew much criticism. At a large co-educational 
grammar school in North Middlesex which the writer 
visited, the headmaster and staff discussed this series at 
length, their views being largely the same as those of others 
interviewed. “Too simple for the science stream, and too 
advanced for the arts stream,” said one of the teachers. “It 
fell, in fact, exactly between the two streams,” commented 
the headmaster drily. 

They were all agreed on another point—that any pro- 
gramme of this nature should show the application of 
learning. “We can learn all about the structure of coal, and 
its by-products, quite easily in the chemistry laboratory— 
it is part of the normal course,” it was pointed out. “But 
what we cannot afford to do, for instance, is to arrange for 
every child to see, say, a gas works or a Bessemer con- 
verter. It is in this respect—the visit to a nuclear reactor, 


Fig. 3. BBC’s Natural History Series with Prof. W. S. Bullough. 


Describing a Pterodactyl in programme on reptiles. 








Showing a fossil of a trilobite and the reconstruction 
of its under surface. 
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Motion of air bubbles in water. 


or Jodrell Bank—that television can do more for us than 
we can do for ourselves.” 

The sixth form programme transmitted by Granada, 
called Discovery, is designed specifically for science 
students. Interestingly, it departs from the normal concept 
of schools television and uses the low-cost “straight lecture” 
technique, with illustrations. Granada places great emphasis 
on the “big names” it brings to the screen, stating that it is 
important to sixth formers to see the great men of science 
in this country talking of their work. On the imposing list 
are Sir John Cockcroft, Prof. J. D. Bernal, Sir Ben Lock- 
spieser, Prof. A. C. B. Lovell, Sir Alexander Todd, and 
Prof. C. H. Waddington. 

What about the philosophy of science, the history of 
science, or the place of the scientist in modern society? 
Most schools visited would like programmes of this nature, 
be they secondary or grammar but, at the moment, neither 
the BBC nor the independent companies show much interest 
in these needs. 


Discussing an armoured fish that 
probably lived more than 350 million 
years ago. reptiles. 
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Buoyancy experiment. 


Showing a one-year-old Caiman from 
South America in discussion of 





at 
@ 


Movement of diaphragm shows 
how man breathes. 


EVALUATION 

So much for the actual programmes. It would be apt, 
now, to consider the methods employed to make sure the 
programmes are “on target”. 

Both the BBC and AR-TV go to great lengths to evaluate 
response and make sure their programmes are evolving 
along the right lines. The BBC obtains regular reports 
from the Education Officers of the “Schools Broadcasting 
Council”, a committee comprised of representatives of the 
schools, the television organisation, the Ministry of Educa- 
tion, the teachers union, and other groups. Although the 
Council was set up under the auspices of the BBC, its 
investigating officers function independently and concen- 
trate on watching the programmes in the schools and inter- 
viewing teachers and children. They report back on the 
response, the follow-up work, and the conditions under 
which the programmes are viewed. 

AR-TY, on the other hand, has Education Officers of its 
own. It also assigns a “Schools Liaison Officer” to each of 


A demonstration of radioactive 
dating. The rock, from Rhodesia, 
contains a fossil skull. 








its programmes who is responsible not only for the pro- 
duction (along with the appointed Director) but also for 
the follow-up with the schools. AR-TV has, in addition, an 
“Educational Advisory Council and School Broadcasts 
Committee” that functions similarly to the Schools Broad- 
casting Council of the BBC. 

The BBC and AR-TV both place considerable value on 
the reply-paid postcard reports sent in by teachers after 
viewing each programme. These give up-to-the-minute 
reports of reactions and include comments about the 
general effect of the programmes on the children. There are 
also teacher meetings convened to discuss particular series, 


knowing the mind of a child,” says the BBC Head of 
Schools, Kenneth Fawdry. 

In the case of AR-TV, the Directors are primarily tele. 
vision people, though with an obvious and genuine interest 
in education. The liaison officers have been teachers, hov. 
ever, so the situation is much the same as in the BBC. “Ty 
be good education a programme must first be good tele. 
vision,” says Miss Enid Love, formerly of the BBC and 
now Head of Schools in Associated-Rediffusion. 

It is interesting to note that in the realm of schools pro. 
grammes, the television organisations pay more than lip. 
service to the question of co-operation and have been suc. 


Fig. 4. BBC’s Science for Sixth Forms 











Prof. P. B. Medawar of University 
College, London University, describing 
the cellular structure of bone. 


mainly in mathematics and science. Altogether, the systems 
work well and are producing a gradual evolution of the 
school programmes along promising lines. 

Granada does not place quite the same emphasis on 
advisory bodies, reports, and so on, but does arrange con- 
ferences with schools and education authorities, and takes 
the advice of teachers’ associations and kindred organisa- 
tions. 


THE BASIC APPROACHES OF 
BBC AND THE INDEPENDENTS 


The BBC insists on using one-time teachers as school 
programme producers; previous training in television is of 
secondary importance. “I honestly believe that only some- 
one who has been a school teacher actually approaches 
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Prof, P. M.S. Blackett of Imperial 
College, London University; discussing 
cosmic rays and sunspot activity. 


cessful, so far, in avoiding duplication of each other’s work 
and programming. It should also be noted here that the 
independent companies allow no advertising whatsoever 
before, during, or after their schools programmes. 
Programmes are largely the same length, twenty minutes, 
although the Granada series are thirty minutes long and 
the BBC will go up to a half-hour for special features. 
On the average, only one programme a week is watched by 
any secondary school child; few children see more than 
two. To those who wonder whether children regard tele- 
vision in school as a good opportunity for “slacking” the 
answer, quite fairly, is “No”. Although many of them are 
accustomed to ‘watching great slabs of television out of 
school hours, most of them take it quite seriously in the 
classroom. It is a tribute to the producers that the pro- 
grammes are viewed, on the whole, with real interest. They 
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are stimulating without being “dry” but 20 to 30 minutes 
of educational television seems to be all that children can 
take at one time without becoming bored. 


WILL TELEVISION REPLACE THE 
TEACHER? 

The writer asked a number of children in various types 
of school whether they would prefer watching television to 
listening to their own teacher on the same subject. With 
the exception of the Natural History programmes, their 
replies were frank: “The teacher’s better.” 

It is fair to say that every effort is made by head teachers 
and staff to make the fullest possible use of the services 


Prof. K. Mather of Birmingham 
University showing stages of mitosis 
in the crocus. 


provided by the BBC and AR-TV. Although they often 
criticise individual programmes they do take television 
seriously and their criticisms are meant to be helpful. 

In general, the BBC programmes are better received but 
it should be pointed out that the Corporation’s experience 
and facilities are much greater than those of the indepen- 
dent companies, generally. There is no trace of any “snob” 
attitude among teachers towards the BBC schools pro- 
grammes as there is, perhaps, among certain types of people 
towards the adult output. 

The question still remaining is: “What of the future. 
Where is educational television heading?” 

“It is too early to see any pattern at all,” the producers 
and teachers say. The producers and planners realise they 
need to learn more about the subject and the teachers know 
they themselves have to learn more about the best way to 








suit television to their syllabus. The fact that the pro- 
grammes have been criticised for covering too wide a range 
and varying too much from term to term is indicative of 
the amount of experimentation going on. 

Some things are fairly obvious at this stage. First, that 
television can never supplant the teacher as an effective 
teaching force, this fact being recognised by the television 
organisations as well as the schools. Second, that one pro- 
gramme must not contain too many teaching points; 
although too much repetition, on the other hand, can be 
tedious. Third, that programmes should contain plenty of 
visual material. It is noteworthy that Granada apparently 
sees no dangers in the straight lecture idea, employing it 
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Prof. D. W. Smithers of the London University Institute 
of Cancer Research demonstrating the use of radioactive- 
tritium-labelled thymidine to show proportion of white 
blood cells capable of division. 


not only in its science programme Discovery but also in its 
current affairs programme Enquiry. 


WHERE TO FROM HERE? 


Some matters are still unsettled. Should television con- 
centrate on two or three subjects every year to the exclusion 
of its present range of matter? Or should the programmes 
be kept as general as possible, allowing individual schools 
to pick and choose from the range offered? The three years 
(nine terms) of experience obtained so far is too short a 
period in which to lay down any hard and fast rules. 

This much is certain—the use of television in classrooms 
is going to grow and expand. The need for it has been 
proved beyond any shadow of doubt. It is the problem of 
finding how to increase its effectiveness that now has to be 
explored. 
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A THEORY ON SNOW CRYSTAL SYMMETRY 


S. TOLANSKY 


What causes the remarkable symmetry of snow crystals, making it look uncannily as if each part 

knows what is going on elsewhere? Why the formation of highly curved patterns that cannot be ex- 

plained by the simple mechanics of rectilinear crystal growth? The theory put forward here not only 

accounts for both effects but also offers an explanation for the trigonal pattern often found in snow 
crystals. 


One of the most striking characteristics of snow crystals is 
the frequent appearance of patterns with an amazing degree 
of symmetry. As a rule, the patterns are hexagonal, but 
trigonal designs also appear. The symmetries can be 
classed as first and second order and it is suggested here 
| that they are produced by two distinct mechanisms. 


ALMOST A CENTRAL INTELLIGENCE 


Consider, first, the snow crystal shown in Fig. 1. It is 
essentially a simple hexagonal plate but attention may be 
drawn to two special features. The first is its symmetry. 
There is clearly a first-order symmetry in the main outline 
of the structure, but far more striking is the remarkable 
second-order detail. The club-shaped pair about two- 
thirds of the way out from the centre not only repeats 
faithfully but there are two dots on either side that also 
tepeat. A symmetrical arrangement of claw-shaped 
features and numerous other items is also visible. The 
surprising repetition of fine detail is so obvious and fre- 
quent it need not be stressed any further. 

A second and equally notable characteristic about these 
patterns is the fact that so many of them are curvilinear, 
rather than rectilinear. This is quite an unexpected pheno- 
Menon in crystal growth. Growth fronts on crystals are 
often curved, to be sure, but such a perfectly curvilinear 
design as that in the central portion of Fig. 1 is quite 
inexplicable in terms of crystal planes and wave fronts of 
growth. Even snow crystals whose basic first-order sym- 
metry is strictly rectilinear often show a second-order 
curvilinear pattern. A very good example of this is evident 
in Fig. 2; the fine detail within the hexagon exhibits a fan- 
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tastic symmetry and much of it is curvilinear. Figs. 3 and 4 
(taken from Nakaya’s beautifully illustrated book Snow 
Crystals, 1954) are further examples, curvilinear detail 
showing up in the fine structure of patterns that are basi- 
cally rectilinear. 

We are faced, then, with at least two fundamental 
questions: (a) what causes the remarkable symmetry and 
(b) by what mechanism of crystal growth can symmetrical 
patterns appear which are highly curved, and not the 
straight lines one usually expects in crystals. As for (a), it 
would almost seem as if there were a central intelligence, 
for it looks uncannily as if each arm knows exactly what 
the other arm is doing. In fact, I believe that this is indeed 
almost what happens, as will be explained later. As for (5), 
it is evident that the curvilinear patterns require an explana- 
tion that cannot be found in the simple mechanics of 
rectilinear crystal growth. 

It has recently been established by B. J. Mason and co- 
workers (Proc. Roy. Soc., 247, 440, 1958) that ice crystals 
change their habits in a marked way when grown at slightly 
different temperatures. Between 0°C and —5°C, they grow 
into simple clear plates. A drop of 5° leads to prisms, 
another 10° or so produces plates sprouting at the corners, 
and below —25°C, prisms appear. Whilst changes in 
temperature and supersaturation may induce the major 
changes in shape, and probably do, it seems quite unreason- 
able to invoke such explanations for the astonishing sym- 
metry or the curvilinear patterns. 


A VIBRATION THEORY 


To account for both the symmetry and the curvilinear 
forms, the following theory is put forward. It is proposed 
that the snow crystal, beginning its early life as a simple 
hexagonal plate because of its natural crystal symmetry, 











starts to vibrate mechanically, the vibration being induced 
by its motion in the air. If such a crystal plate vibrates 
mechanically, it will have a symmetrical hexagonal distri. 
bution of nodes and anti-nodes. It will behave, in fact, as 
a Chladni Plate. 

A second postulate is now made, namely, that water 
molecules can preferentially condense at nodal regions, 
largely because they are more easily re-evaporated or 
“bounced” off at the vibrating regions. (It is well known 
that snow crystals sublime easily; indeed, a light snowfall 
can rather -quickly disappear through re-evaporation ip 
cold, dry, windy climates.) 

If a collection of water molecules leads to a local growth 
of the snow crystal at some point, this at once introduces 
a local damping effect which is felt at the five corresponding 
hexagonally-symmetrical positions. The motion at these 
positions decreases, thereby making it possible for water 
molecules to stick at all these points. In other words, each 
of the other five arms immediately “knows” what is happen- 
ing and responds accordingly. Thus, symmetrical growth is 
imposed as a consequence of the symmetry of a vibrating 
plate. 


EXPERIMENTS SUPPORT THEORY 


Let us look further at this conjecture by carrying out 
some Chladni Plate experiments with thin hexagonal plates. 
Fig. 5 shows the nodal distribution of sand on a plate fixed 
at the centre when a bow is drawn across the edge, mid- 
way between two corners. The nodes are six radial lines 
going from the centre to the corners. We see at once that 
such a nodal pattern would encourage the growth of six 
arms, as in Fig. 2 and Fig. 4. 

Close simulation between sand vibration pictures and 
snow crystal patterns can be obtained by clamping the 
centre of a thin hexagonal plate to a loudspeaker-type 
vibrator. With an electronic oscillator that can supply 
alternating current at any frequency between 50 and 10,000 
cycles/second, it is possible to excite dozens and dozens 
of vibration patterns without difficulty. Only light sanding 
is necessary; indeed, the weight of the sand, if too much is 
sprinkled on, damps out the higher overtones. Under suit- 
able conditions, one can excite vibrational patterns which 
are surprisingly similar to some of the real patterns found 
in snow crystals. 

Beginning with the simplest, consider the vibration 
pattern shown in Fig. 6. Here we see a circular nodal 
region within the outline of the hexagonal plate—precisely 
what we see at the centre of the snow crystal in Fig. 4. Now 
look at the vibration picture of Fig. 7. This vaguely 





resembles part of the fine structure pattern of the snow 
crystal in Fig. 3; since the snow crystal is not fixed at the 
centre, the vibration conditions are not identical. As the 
frequency is increased, more and more complex hexago-. 
nally symmetrical vibration patterns can be induced. Com- 
pare Fig. 8 with the inner region of the snow crystal of 
Fig. 1. It is quite clear that we are closely simulating some 
of the basic patterns. Since the rest of the crystal imposes 
highly complex overtones, one cannot expect the simplicity 
of the vibrating disc pattern in an actual crystal but we do 
see here, nevertheless, a complete explanation for the 
appearance of curvilinear designs. The inner curvilinear 
pattern of the snow crystal is, without any doubt at all, a 
vibration pattern as Fig. 8 so clearly proves. As the fre- 
quency is increased, the sand patterns become more and 
more complex, as shown in Figs. 9, 10, and 11, but the 
hexagonal character always remains and always resembles 
the fine details of snow crystals. 

There follows, now, a description of a simple experiment 
which gives powerful support to the postulated effect of 
damping. The plate was vibrated at a frequency that pro- 
duced six curved nodal regions at the corners, Fig. 12. 
When a small piece of Plasticine was fixed to the lower 
region, as shown in Fig. 13, a new pattern resulted. The 
damping produced by the Plasticine, in fact, had a double 
effect. First, it broke up the inner hexagon and tried to 
make it trigonal. Second, it induced a noticeable trigonal 
symmetry. The nodal line below the Plasticine, previously 
curved, became straight and the same happened to the 
nodal lines at alternate corners. Thus, it is proved that local 
damping near one corner can be felt at other corners, and 
can produce a new symmetry. 

It is significant to note that this type of symmetry is 
actually found in snow crystals, as can be seen in Fig. 14 
(kindly loaned by Dr Mason). Here are the familiar curvi- 
linear patterns but with a trigonal symmetry. The vibration 
theory is the only one that explains how a local change can 
induce trigonal as well as hexagonal patterns in snowflakes. 

Summing up, one can argue that whilst the main shapes 
of snow crystals may owe their origin to environmental 
conditions such as temperature and supersaturation, the 
fine details (the curvilinear patterns in particular) certainly 
appear to originate from vibration of the crystal as a whole. 
For high symmetry this would have to take place slowly 
under very uniform conditions of temperature and super- 
saturation. Snowflakes are undoubtedly well constructed so 
often because the free fall in relatively still air is an ideal 
condition, with no restraint and low ambient viscosity, per- 
mitting the build-up of the necessary vibration amplitude. 























Radio telescopes, space communication systems, and microwave | 


Part I: 
G. 


In recent years both the radio- 
astronomer and the communications 
engineer have been confronted with a 
common problem—that of detecting 
fainter and fainter radio signals at 
higher and higher frequencies. The 
radio-astronomer needs to use fre- 
quencies in the microwave range 
(greater than 1000 Mc/s) in order to 
increase the precision with which “radio 
stars” can be located. However, as the 
frequency is increased so the noise 
power radiated by the radio stars, etc., 
in which he is interested, decreases. 
This means that the radio-astronomer 
requires the utmost sensitivity from his 
radio receiving apparatus which may 
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PARAMETRIC AMPLIFIERS 


D. SIMS and I. M. STEPHENSON 


have to detect powers as low as 10°76 
watts/cm.”/cycle of input bandwidth. 
The communications engineer’s interest 
arises in the consideration of such topics 
as space satellite communications sys- 
tems and rocket guidance. Here the 
problem is one of detecting the very 
weak signals which may be reflected or 
re-transmitted back from the satellite 
or rocket to the earth. These systems 
also operate at wavelengths in the 
microwave range, for it is in this region 
that the signal is least likely to be con- 
taminated by atmospheric and cosmic 
background noise. What is it then that 
sets the limit to the minimum size of 
signal which can be detected with a 
radio receiver and why is the problem 
more acute in the microwave range 
than at lower frequencies? The answer 
to these questions is discussed in the 
following paragraphs. 


NOISE 


The smallest signal which can be 
detected by any radio receiver is deter- 
mined by “electrical noise”. This noise 
originates from numerous sources, but 
is invariably the result of the random 
motion of electrons, ions or other small 
particles, either in the medium through 
which the radio signal travels, or in the 
apparatus used for detecting it. In par- 
ticular, an increase in the temperature 
of any resistor would increase the 
energy of random motion of the elec- 
trons in it and in consequence increase 
the level of electrical noise. This noise 
manifests itself as a small random fluc- 
tuation in the value of the current 
flowing, or in the voltage produced. The 
character of the noise is that of a small 
signal then, whose amplitude and phase 
vary in a random manner with time, 
and it can be considered as being made 
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up of an infinite number of very small 
amplitude components each with a dif- 
ferent frequency (Fig. 1A). 

The noise power (N) generated in a 
resistor depends critically on the tem- 
perature and is given by 


N=kTAf watts 


where k is Boltzmann’s constant= 
1:37X10-?* Joules/°K, T is the abso- 
lute temperature in degrees Kelvin, and 
Af is the input bandwidth of the 
receiver detecting the noise. A resistor 
at room temperature will generate about 
4x10! watts of noise power/cycle of 





A. TYPICAL OSCILLOGRAPH OF 


used for radar and microwave com- 
munications systems (in excess of a 
few hundred megacycles) the problem 
is not so simple. Until a few years ago 
the only valves available which could 
be used as amplifiers of an incoming 
signal at these frequencies generated 
considerable noise within themselves. 
This noise was associated mainly with 
the electron beam in the device, and 
since no methods were known by which 
this noise could be removed (or at least 
left uncoupled to the output) at that 
time, the question arose as to whether 
it might not be possible to make ampli- 


NOISE. 


B. SIGNAL WITH AMPLITUDE COMPARABLE WITH NOISE. 
C. SIGNAL AMPLITUDE MUCH GREATER THAN THAT OF NOISE. 


FIG. 1. 


input bandwidth. The noise can always 
be reduced by lowering the temperature 
but will always tend to increase when 
current flows through a resistor and 
raises its temperature. A resistor will, 
of course, generate noise even in the 
absence of a current representing a 
signal (unless T=O0°K), and a very 
sensitive receiver will detect the noise 
originating in its own input resistor. 

By the time a signal arrives at a 
radio receiver, however, it will already 
be contaminated by noise arising from 
the cosmic background or in the atmo- 
sphere. If a weak radio signal is to be 
detected then, it must clearly have an 
amplitude comparable with, and pre- 
ferably many times larger than, that of 
the background noise (Figs. 1B and 1C). 
The receiver itself might then add 
further noise which could result in the 
signal being swamped completely. 

There is little that can be done about 
the cosmic background noise (except to 
Study it for its own sake as the radio- 
astronomers do). It is with the reduc- 
tion of receiver noise that we are mainly 
concerned here. At normal radio fre- 
quencies this problem can easily be 
dealt with, but at the higher frequencies 
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fiers without using hot cathodes. Much 
progress has been made with this 
approach; more recently, new methods 
of using electron beams have been 
utilised which achieve comparable 
results. 

There is at the present time a clear 
case for the development of low-noise 
amplifiers in the microwave frequency 
range. Two classes of device have been 
proposed which promise to meet the 
required specification for either appli- 
cation. First there are the Masers 
(Microwave Amplification by Stimu- 
lated Electron Radiation) and second, 
the rather diverse family of valves 
which come under the heading of para- 
metric amplifiers. In the former class, 
amplification is achieved by using the 
electron energy levels of gases or solid 
state substances as the basic frequency 
defining circuits. In the latter class, 
amplification is achieved by varying the 
value of one of the “parameters”, 
associated with the tube—a capacitance, 
for example. In a normal valve, energy 
is taken from a D.C. source (battery, 
power pack, etc.) and converted into 
A.C. energy in the device; in a para- 
metric amplifier (in general) A.C. 


energy at one frequency is converted 
into A.C. energy at a different fre- 
quency. 

The following—the first part of a 
two-part article on modern low-noise 
amplifiers—deals mainly with the prin- 
ciples of parametric amplifiers. Some 
practical variable capacitance amplifiers 
are described and a brief description 
of the Adler tube is given. The limita- 
tions of these devices are discussed and 
the way in which parametric amplifiers 
overcome the disadvantages inherent 
in conventional microwave tubes is ex- 
plained. Part II of the article deals with 
the principles of operation of molecular 
amplifiers (Masers) and compares their 
properties, advantages, and disadvan- 
tages with those of the parametric 
amplifier class. 


RESONANT CIRCUITS AND 
PENDULUMS 


We have already stated that the 
conventional valves used to amplify 
small signals utilise a beam of elec- 
trons. How else can a small signal be 
amplified? To understand the answer 
to this question it is necessary to con- 
sider the practical form of most ampli- 
fying devices used at radio-frequencies. 
In a very large number of such devices 
(a radio receiver tuned to a particular 
station, for example) only one frequency 
is required to be amplified. As signals 
at other frequencies may be present in 
the input (a simple aerial will pick up 
signals over a wide range of frequen- 
cies), most radio frequency amplifiers 
are “tuned” so that they respond very 
strongly to signals of one frequency and 
very weakly to signals at other fre- 
quencies. The simplest method of 
tuning is to use a “resonant” or oscillat- 
ing electrical circuit to which the input 
signal from the source or aerial is fed 
directly. 

A resonant circuit is essentially a 
means of storing energy at one par- 
ticular frequency. The simple pendulum 
and children’s swing are resonant 
mechanical systems whose natural fre- 
quencies are determined by their 
lengths. If a pendulum or swing is 
pushed at the right frequency—its 
natural frequency—only a small force 
will be required to produce oscillations 
of large amplitude. However, if the 
same force is applied at the wrong fre- 
quency, the oscillations will be very 
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small. In a similar way, a resonant 
electrical circuit responds very strongly 
at one particular frequency but is so 
weakly excited at others that all the 
signals except the one at the right fre- 
quency can be ignored. It is this 
characteristic which makes resonant 
circuits useful in radios. 

A simple resonant electrical circuit 
consists of a capacitor and an inductor 
connected in parallel (Fig. 2). The angu- 
lar frequency w at which energy oscil- 
lates between the two components is 
determined by the product of the capaci- 
tance C and the inductance L according 
to the relationship w= 7 1/LC. 


Cc 





FIG. 2. Resonant L-C circuit. 


PUMPING 


The simplest mechanical equivalent 
of a “parametric amplifier” is a child’s 
swing, with its occupant maintaining 
oscillations (despite friction losses) or 
even increasing the amplitude of the 
swinging by suitable movements of 
the body. Alternatively, a second 
child standing on the ground may push 
the swing at intervals to achieve a 
similar effect. Readers may carry out 
a slightly more sophisticated demonstra- 
tion of the principle for themselves 
with the aid of a piece of string and a 
small weight. Attach the weight to 
about 5 ft. of string and, holding the 
free end of the string in one hand, allow 
the weight to hang over a hook as 
shown in Fig. 3. Start the pendulum 
swinging with small amplitude. When 
the weight is at the top of its travel 
raise it about 2 in. by pulling on the 
string, then lower it 2 in. when it 
reaches the bottom of its travel, and 
raise it 2 in. again when it reaches the 
top on the other side. By continuing 
this process the amplitude of the swing- 
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FIG. 4. Simple electro-mechanical model to illustrate the parametric principle. 
(A) Model. (B) Variation of voltage across capacitor. 


ing will grow until losses and non- 
linearities prevent it from increasing 
any further. If the reverse process is 
performed (the weight lowered when it 
is at the top of its travel and raised 
when it is at the bottom), the amplitude 
of the swings will be decreased, not 
increased. It is easy to see that in this 
process we are adding, or subtracting, 
potential energy to the system. The 
small child on the swing adds kinetic 
energy in the same way by moving his 
legs or by being pushed by the other 
child. Either process will alter the total 
energy of the system and cause the 
oscillations to vary in their magnitude. 

Parametric amplification was ob- 
served some years ago in various 
electro-mechanical systems but today 
it is the purely electrical systems that 
are of primary interest. Consider the 
simple electrical resonant circuit of 
Fig. 4A and suppose that we can move 
the plates of the capacitor in or out as 
shown. If the circuit is lossless and we 
start a small oscillation in it, then it is 
possible to increase the oscillation 
amplitude in a manner very similar to 
that by which the amplitude of the 
pendulum oscillation was increased. 


FIG. 3. Simple model to demonstrate 
parametric amplification. 
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When the voltage is a maximum, the 
capacitor plates are pulled slightly 
apart. As there is a charge on the plates, 
work has to be done to achieve this 
and since the charge on the plates 
remains constant, the voltage must 
increase. When the voltage across the 
plates drops to zero (the energy that 
was stored in the capacitor having gone 
into the inductor) the plates are returned 
to their original position. As there is 
no charge on the plates at this point, 
no work is done and the electrical cir- 
cuit is unaffected. When the capacitor 
voltage is again at its maximum, the 
plates are pulled apart again, increasing 
the voltage further. If this process is 
repeated, the voltage will gradually 
build up as shown in the graph of 
Fig. 4B. 

These are simple examples of para- 
metric amplification. The variable para- 
meter in the case of the pendulum is its 
length; for the electrical model, it is 
the capacitor. 

If the faint signal picked up by a 
radio telescope or any other receiver is 
fed into the electrical model, the pump 
will amplify it to a useful level. The 
advantage of the parametric amplifier, 
as we shall see, is that it amplifies the 
desired signal without adding all the 
noise that would be added by a con- 
ventional valve amplifier. 

The device that supplies the power 
for moving the capacitor plates, of 
raising and lowering the pendulum bob, 
is known as a pump. In the two systems 
described (the pendulum and_ the 
capacitor), the pump operated in jerks, 
but the same effect would have been 
produced if the pump action had been 
sinusoidal, so long as its frequency was 
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twice the natural frequency of the pen- 
dulum (or capacitor-inductor combina- 
tion) and it had the proper phase rela- 
tionship to the pendulum motion (or 
voltage oscillation). 

The phasing of the pump presents 
a dificult problem at high frequencies 
but this requirement can be dispensed 
with, fortunately; by adding another 
resonant circuit which is called, for 
obvious reasons, an “idler circuit”. By 


shows the electrical model of the input 
circuit with the pump and idler circuit 
added. In this general case, it is neces- 
sary to pump at a frequency equal to 
the sum of the input and idler fre- 
quencies: 

®Or=Wst+a@, 


Since we are interested primarily in 
electrical amplifiers, we will confine 
ourselves to the electrical model. Prac- 













































































making this addition, there is no longer _ tical devices that can vary either capaci- 
any need for a definite phase relation- tance or inductance (it does not matter 
ship between the pump and the motion which parameter is varied) are dis- 
of the pendulum (or the voltage oscilla- cussed below; the ones that vary 
tions across the capacitor). Fig. SA capacitance seem to be the most 
| VARIABLE CAPACITANCE DRIVEN BY THE PUMP 
Cp sin Wpt 
| 
| JANI 
VIN Ls Re=— Cs Li g Ri > Ci V out 
INPUT CIRCUIT IDLER CIRCUIT 
Ws Wi 
A. Input circuit with pump and idler circuit added. 
| , 
= © WewjiCp, Ri 
e i: = _R=- ° 
INPUT CIRCUIT NEGATIVE RESISTANCE REPLACES 
We. IDLER CIRCUIT AND THE PUMP 
B. Equivalent circuit. 
a 
. LOAD 

Qreenteces a 

C. Equivalent circuit with load. 

FIG. 5. Variable capacitance parametric device with idler circuit. 
COVERY 


promising at the moment.* Accepting 
the fact that a capacitance can be varied 
at a fairly high frequency, we will now 
go on to consider the circuitry. In Fig. 
5A we have an input resonant circuit 
connected to an idler circuit by the 
parameter C,, which is varied by a 
pump. The behaviour of this circuit 
can be accounted for by replacing all 
the components to the right of the input 
circuit by a negative resistance —R, as 
shown in Fig. 5B. Broadly speaking, a 
negative resistance results because the 
pump power input exceeds the loss in 
the right-hand part of the circuit. The 
losses in the left-hand section are indi- 
cated by the positive resistance R,. The 
behaviour of the overall circuit will 
depend on the sign of the total resis- 
tance (the combination of R, and —R 
in parallel). If the combination is nega- 
tive, any signal input will grow with- 
out limit. The circuit will, in fact, be 
unstable and start oscillating without 
an input signal, one of the disadvan- 
tages of most forms of parametric 
amplification. 

How a _ negative resistance can 
amplify is not immediately apparent 
and there seems to be little resemblance 
between this device and a normal 
amplifier. However, consider the cir- 
cuit of Fig. SC where an output load 
resistance is added to the circuit. Sup- 
pose that the variable parameter device 
is pumped so that the negative resis- 
tance produced is just large enough to 
equal the combined positive resistance 
of the output load and the loss resis- 
tance of the input circuit. The total 
parallel resistance of the circuit would 
now be infinite and (if we assume the 
reactances are ideal) no power input 
would be required to maintain a given 
voltage at the output. The disadvantage 
of such a system is that the output volt- 
age would not disappear when the input 
signal was removed and in practice it 
would be undesirable to make the 
positive and negative resistances exactly 
equal. If, by chance, the total resistance 
became negative, then the system would 
become completely unstable and would 
oscillate. If, on the other hand, the 
combined resistance is positive, and 
high, the system will be stable and will 
amplify. In this case, a small power 

*Devices of this type are sometimes 


referred to as Mavars, standing for 
Microwave Amplification by Variable 
Reactance. 
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FIG. 6. Semi-conductor diode— 
variation of capacitance with 
applied voltage. 


will be absorbed from the input source 
but a much larger power will be dis- 
sipated in the output load shown in 
Fig. SC. In practice, this load would be 
the next stage of amplification—one of 
the more conventional types of valve 
amplifiers, perhaps. 

It must be remembered that the nega- 
tive resistance picture is only a con- 
venient equivalent circuit for the action 
of the parametric amplifier and does 
not represent it exactly. For instance, 
the frequency of the voltage appearing 
in the idler circuit is different from that 
of the input circuit (except in the 
degenerate case). Hence the device is 
implicitly a frequency converter as well 
as an amplifier. In some types of 
apparatus (for example, an amplifier 
inserted in a long telephone line or 
coaxial cable) it is necessary to have 
the input resistance and output load 
resistance equal; this results in equal 
power being dissipated in the input a 
output, however—a rather wasteful 
procedure. Luckily at very high fre- 
quencies non-reciprocal devices are 
available that allow power to flow in 
one direction only and these may be 
used to prevent power from being fed 
back to the input system. 


PRACTICAL VARIABLE 
PARAMETERS 

One last question remains in this 
simple consideration of the operation 
of parametric devices. How is the 
variable parameter produced? In 
general, two types of electrical devices 
have been used. One is a variable 
capacitor in the form of a semi-con- 
ductor diode; the other is a variable 
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inductor using a ferrite core. The semi- 
conductor diode has a capacitance of 
which part is constant and the other 
part dependent upon the voltage applied 
to the diode, as illustrated in Fig. 6. 


Obviously, an alternating voltage 
applied to such a diode would produce 
variations in its capacitance. So long 
as its minimum capacitance is small, a 
unit of this type can easily be incor- 
porated in high-frequency circuits. Im- 
provements in the variable capacitance 
properties of these diodes have resulted 
in the development of very useful para- 
metric amplifiers. 

The variable inductor is a ferrite 
cored coil. As with nearly all ferro- 
magnetic materials, the inductance 
varies with the applied current. So far, 
however, few successful ferrite para- 
metric devices have been developed. 

In Fig. 5, the variable parameter C, 
was shown but the pump used to make 
it vary was omitted. In practice, the 
complete parametric amplifier takes the 
form shown in Fig. 7. The pump is 
indicated as a small generator in series 
with a tuned circuit that lets signals at 
the pump frequency pass through but 
blocks signals at the other frequencies. 
(The pump is actually a high-frequency 
oscillator with a tuned circuit in the 
output stage.) 

Although we are confining ourselves 
to electrical devices, we should mention 
a variable parameter device that can be 
considered mechanical, although it 
uses electrons. This is the Adler tube, 
shown in Fig. 8A. In this device, a beam 


FIG. 7. Practical circuit for a parametric amplifier with an electrical oscillator 


as the pump. 


PUMP VOLTAGE SUPPLIED BY RADIO FRE- 
QUENCY OSCILLATOR. OUTPUT SYSTEM OF 
THIS OSCILLATOR WILL GENERALLY CON- 
TAIN A RESONANT CIRCUIT AS SHOWN. 


of electrons moving in the direction 
of an applied magnetic field is givep 
a tranverse deflexion by the input 
signal. Since a magnetic field wil 
always make electrons trying to move 
across it travel in a circular path, the 
electron beam starts to rotate as it 
moves along. When the spiralling beam 
passes between the plates connected to 
the pump, the electrons are given a 
boost each time they go round, thereby 
increasing their energy and radius. The 
transverse energy of these electrons is 
then extracted at the output plates, pro. 
ducing an amplified output signal pro- 
portional to the input signal. 
Although the action in the Adler tube 
is somewhat like the gradual build-up 
in the child’s swing, it should be noted 
that there is no exchange of energy 
between kinetic and potential form; 
the energy remains in the kinetic form 
until it is extracted at the output plates. 


PARAMETRIC 
UP-CONVERTERS 


It is apparent from a consideration 
of Fig. 7 that another equally important 
possibility is present—a useful signal 
can be extracted from the idler circuit. 
Since the idler can actually be tuned to 
either the difference or sum frequency 
of the pump and input sources, it is 
possible to convert the signal input to 
a higher or lower frequency. Used in 
this way the parametric amplifier is 
referred to as either an “up-converter” 
(corresponding to conversion to 4 
higher frequency) or a “down-con- 
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verter”. The device thus performs a 
similar function to the frequency 
changer in a normal radio transmitter 
or super-hetrodyne receiver and will be 
of use wherever it is necessary to im- 
press a lower frequency modulation on 
a higher frequency carrier, as in a 
microwave link system. It is the up- 
converter application which has re- 
ceived most attention so far, however, 
as here the parametric device offers the 
possibility of realising a “conversion 
gain”. This means that the signal is 
not only changed in frequency but is 
amplified in the process—a property 
that is not possessed by any other con- 
ventional mixing device. 

Although parametric amplifiers 
offer considerable possibilities, one dis- 


SIGNAL 


LOAD TO ABSORB 
NOISE FROM BEAM 
FIG. 8. (A, above) Simplified diagram of Adler tube. (B, right) Cuccia coupler. 


FIG. 9. A practical parametric up-converter. (A, /eft) General arrangement of 
components. (B, right) Photograph of an actual unit. 


SHORT-CIRCUITED LENGTH OF COAXIAL LINE FORMING “SIGNAL RESONATOR” 
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advantage of all of them is that the 
pump frequency must always be higher 
than the input frequency. Practical 
considerations make it necessary to use 
pump frequencies at least twice those 
of the input signal. However, the highest 
pump frequency reported has been 
60,000 Mc/s; this seems to be the upper 
limit for practical pump sources at the 
present time. 

Since the reason for using parametric 
amplifiers is their ability to amplify 
very weak electrical signals without 
adding much noise, an important 
quantity describing their behaviour is 
the “noise figure”. The noise figure of 
an amplifier compares the signal-to- 
noise ratio at the output with the signal- 
to-noise ratio at the input. If much 
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FIG. 10. Schematic diagram of a degenerate parametric amplifier. 


noise has been added by the amplifier, quencies above 1000 Mc/s it is more 
the ratio will be high. The noise figure usual to use waveguides (hollow metal 


is usually expressed as follows: tubes). A section of either, closed at 
Noise figure =F= one end, behaves very much like one of 
the resonant circuits of Fig. 7; to make 

( Sezst power ) mera at it resonate at a particular frequency, 

Noise power / the input it must be made approximately one- 
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quarter of a wavelength long. Thus, a 
possible configuration for a parametric 
converter could be that shown in Fig. 9. 
the factor 10 and logarithm putting it The signal is coupled in and out via 
in decibels. If the amplifier is com- loops as is conventional at these fre- 
pletely “quiet” and adds no noise, the quencies. Such a device might give a 
ratio in the bracket will be unity and the Signal gain of up to 20 db. (output 
amplifier will have a noise figure of Power 100 times the input) and a noise 
0 db. Before the parametric amplifier, figure of only about 2 db. with a pump 
receivers at microwave frequencies Power of the order of a few hundred 
commonly had noise figures of 8 to milliwatts. 
10 db. (10 db. indicating that the signal- | In the case where the signal and 
to-noise ratio at the output was one- idler frequencies are equal, as in some 
tenth that at the input). Noise figures Parametric negative resistance ampli- 
of better than 3 db. are not difficult to fiers, the configuration might look like 
achieve at the present time and figures the diagram of Fig. 10. 
of less than | db. have been obtained A further device which has been 
in some cases, particularly with Adler used employs a resonant cavity. At 
tubes (1 db. indicating that the signal- microwave frequencies it is possible 
to-noise ratio at the output was 0-8 to make a length of waveguide closed 
times that at the input). at both ends resonate at more than 
one frequency; if these frequencies are 
PRACTICAL PARAMETRIC related in the manner discussed above, 
DEVICES it is possible to achieve coupling be- 
Let us now consider what a parametric tween them using a variable capacitance 
amplifier will look like at the very high diode. The resonator shown in Fig. il 
frequencies we have been considering. was so designed that its resonant fre- 
At frequencies up to 1000 Mc/s or so, quencies were 3500 Mc/s, 2300 Mc/s, 
electricity is usually conducted from and 1200 Mc/s; moreover, at each of 
one point to another by means of co- these frequencies a maximum poten- 
axial transmission lines, while at fre- tial difference occurred between the 
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Noi: the output 


Signal power \ measured at 
Noise power 





centres of the top and bottom faces of 
the “box”. By connecting a diode x 
this point, and then feeding in pump 
power at 3500 Mc/s via one of the 
loops and signal power via another, it 
was found that amplified power could 
be extracted via the third. Gains of Up 
to 40 db. (power output=10,000 times 
the power input) were achieved with q 
low noise figure; with pump powers in 
excess of 100 milliwatts, parametric 
oscillations occurred at either or both 
of the lower resonant frequencies. 


LIMITATIONS OF 
PARAMETRIC DEVICES 


With all the devices discussed, a 
relation exists between the voltage 
gain and the frequency band over which 
the tube will usefully operate. The 
higher the gain used, the narrower the 
bandwidth. Thus a problem confront- 
ing designers at the present time is how 
both high gain and wide bandwidth 
may be achieved simultaneously. By 
taking exceptional care, tubes with 
10 db. gain (a power gain of 10) and 
bandwidths of up to 130 Mc/s have 
been obtained at frequencies of 1000 
Mc/s. Other schemes such as the travel- 
ling wave parametric amplifier (in 
which a number of variable capacitance 
diodes are distributed along a matched 
transmission line thereby avoiding all re- 
sonant elements) are under investigation. 

Another problem which confronts 
the user of the negative resistance type 
amplifier is the achievement of stable 
gain. With any negative resistance 
device there is always a tendency to 
instability (and hence oscillation) and 
thus the gain tends to vary. This can 
lead to serious consequences for the 
radio-astronomer, although others have 
put the property to good use. By pump 
ing strongly enough to overcome the 
losses and allowing the tube to burst 
into oscillation at regular periodic inter- 
vals (this can be achieved by a number 
of means) gains as high as 80 db. can be 
achieved (power output=100 million 
times power input); by operating al 
lower gains, increased bandwidth 1 
possible. This is the counterpart of 
super-regenerative operation at lower 
frequencies. 


NOISE IN PARAMETRIC 
DEVICES 


The sole justification for considering 
these apparently complicated devices 
is their low-noise figure. As we have 
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already stated, noise arises in resis- 
tances due to the random motion of 
electrons therein. Thus it is to be ex- 
pected that in the semiconductor diode 
parametric amplifier, the main sources 
of noise will be found in the finite 
resistance of the elements used to make 
up the resonant circuits. This is in fact 
the case, although instability and resis- 
tance in the diode capacitance or in the 
pump source can lead to increased 
noise. Since the noise is largely depen- 
dent on temperature, it is always pos- 
sible to decrease it by lowering the 
temperature of the system. Refrigera- 
tion is not necessary for most applica- 
tions however. In order to minimise the 
noise it is best to use as large a ratio 
of pump-frequency /signal-frequency as 
possible and this accounts for the ratios 
10:1 often encountered in up-converters. 
It should be pointed out that one of the 
main ways in which noise is avoided is 
by virtue of the fact that the power used 
in the amplification comes from a 
source at a different, and, at the 
same time, higher frequency than that 
being amplified. There is thus a much 
smaller likelihood of its containing 
noise components at the signal fre- 
quency than if pumping were via a D.C. 
source. 

It is just this latter idea which lies 
behind the suggestions for parametric 
pumping of electron beam devices. 


ELECTRON BEAM DEVICES 

In conventional electron beam tubes, 
the signal to be amplified is impressed 
on the beam at a point near the electron 
gun. The signal invariably sets up at 
least two “waves”, one of which travels 
through the beam at a velocity greater 
than the mean velocity of the electrons 
(the fast wave), the other travelling 
more slowly. In order to amplify the 
input signal, the amplitude of one or 
other of these waves must be made to 
grow. 

Now it turns out that it is always 
possible to remove the unwanted 
“noise” from the fast wave but it is 
quite impossible to remove it from the 
Slow wave. 

How can the fast wave be utilised 
then? Until the idea of pumping be- 
came a familiar one, no method was 
known of making the amplitude of the 
fast wave increase. In addition little 
was known about how to launch fast 
waves in the absence of slow waves. 


SCOVERY 





To date, the only complete success- 
ful electron beam tube using fast 
waves is the “Adler” tube shown in 
Fig. 8A. The left-hand parallel plate 
coupler impresses the signal on the 
electron beam which starts to rotate 
under the influence of the magnetic 
field. It is a property of this type of 
coupler (due to Cuccia) that if the mag- 
netic field is so adjusted that o.=nB 
(where B is the magnetic flux density 
and » the charge/mass ratio of the 
electron) the only wave of importance 
launched on the beam will be a fast 
wave. The input coupler serves a 
double role in that if it is correctly 
loaded it not only launches the fast 
wave but removes the noise that is 
always present on the electron beam 
and would normally mix with the input 
signal. The noise-free fast wave carry- 
ing the signal then has to be amplified 
and this is achieved by pumping at a 
frequency 2m, by means of the quadru- 
pole coupler shown in Fig. 8B. This 
merely increases the radius of rotation 


FIG. 11. Cavity-type parametric amplifier. 
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of the electrons thereby increasing the 
transverse energy of the beam. Tubes 
of this kind have achieved noise figures 
as low as 0-7 db. (signal-to-noise ratio at 
output=0°85 times signal-to-noise ratio 
at input) and gains of 20 db. (power out- 
put=100 times power input) with a 
quadrupole 1 cm. long and a pump 
power of 200 mW at a signal frequency 
of about 550 Mc/s. Moreover, the 
Adler tube does not suffer from the 
instability inherent in Mavar type 
devices. 

The Adler tube is only one of 
several electron beam type parametric 
amplifiers, just as the variable capaci- 
tance diode is only one of the possible 
types using variable reactance. But, to 
date, these are the most successful in 
their respective classes, however. 

The next part of this article will dis- 
cuss Masers and compare their advan- 
tages and disadvantages with those of 
parametric amplifiers. An indication 
of possible future developments in the 
field will also be given. 
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During the Middle Ages the peoples of Europe and Asia 
were subject to recurrent waves of plague and pestilence. A 
single visitation of the Black Death is supposed to have 
killed half the population of Italy, and this was but one of 
the many infectious conditions which swept through the 
continents. Apart from the well-known plagues, which were 
due to bacterial infection spreading with great facility 





K. Rawnsley, M.B., M.R.C.P., D.P.M., a member of the 
scientific staff of the Medical Research Council, is working at 


present with a branch of the Council's Social Psychiatry Research 
Unit in South Wales. 





at : : ; % : 3 Sc « 
Ae ig meine ath ett mle ts 3 cna nat ete Sete Cat 1.” cnc Seow on el ve 


THE EPIDEMIOLOGY OF MENTAL DISORDERS 


K. RAWNSLEY 


Mkt te te er ee ts 
on . 





Communities are by no means immune from attacks of unusual behaviour or powerful emotions which 
are psychologically contagious. During the Middle Ages there were epidemics of “‘dancing mania’’; 
we may now be experiencing epidemics of other mental disorders. 


among unprotected populations, there were other outbreaks 
of a different stamp. 


DANCING MANIA 


The effects of the Black Death had not yet subsided, and 
the graves of millions of its victims were scarcely closed 
when a strange delusion arose in Germany, which took 
possession of the minds of men, and, in spite of the divinity 
of our nature, hurried away body and soul into the magic 
circle of hellish superstition. It was a convulsion which in 
the most extraordinary manner infuriated the human frame, 
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(Left) A scene from “The 
Procession of the Dancing 
Mania”, taken from a painting 
by Peter Breughel, the elder 
(6th century). The bagpipers 

in the procession are helping the 
male attendants control the 
sturdy women who are 
struggling to break away and \ 
dance. In the background, a re 
woman who has partially | 
recovered is being taken across : 
the bridge. The woman sitting 
on the bank of the stream has 
almost fully recovered her 
sanity although she is still 
dazed and bewildered. 
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3 (Above) A map of Apulia, a section of Southern Italy that was plagued by 
epidemics of Tarantism, or dancing mania, from the 14th to 17th centuries. 
The “cause” of the epidemics, the deadly Tarantula, is shown dangling from 
a score of the musical antidote. (From Magnes sive de arte magnetica by 

{3 Athanasius Kircher, 1641.) 








(Below) Victims of Dancing Mania. An engraving 
by Hondius from a drawing by Peter Bruegel, the 
elder, 1560. 


: ee & : and excited the astonishment of contemporaries for more 


ty Ee ee than two centuries, since which time it has never 
' i reappeared. It was called the dance of St John or St Vitus, 
on account of the Bacchantic leaps by which it was charac- 
terised, and which gave to those affected, whilst performing 
their wild dance, and screaming and foaming with fury, all 
the appearance of persons possessed. It did not remain con- 
fined to particular localities, but was propagated by the 
sight of the sufferers, like a demoniacal epidemic, over the 
whole of Germany and the neighbouring countries to the 
north-west, which were already prepared for its reception 
by the prevailing opinions of the times.* 
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Episodes of “dancing mania” occurred throughout 
Europe from the 14th to the 17th centuries, varying in form 
according to locality and circumstances. In Southern Italy, 
in the district of Apulia, there was a form of the disorder 
called Tarantism, locally reputed to be due to the bite of 
the Tarantula spider: 
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The disease occurred at the height of the summer heat, 
in July and August, and particularly during the dog days. 
People, asleep or awake, would suddenly jump up, feeling 
an acute pain like the sting of a bee. Some saw the spider, 
others did not, but they knew that it must be the Tarantula. 
They ran out of the house into the street, to the market 
place, dancing in great excitement. Soon they were joined 
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(From Phonurgia nova by Athanasius Kircher, 1673.) 


by others who like them had just been bitten, or by people 
who had been stung in previous years, for the disease was 
never quite cured. The poison remained in the body and 
was reactivated every year by the heat of summer. People 
were known to have relapsed every summer for thirty 
years.” 


Music and dancing were the only effective remedies: 


At the period of which we are treating there was a general 
conviction, that by music and dancing the poison of the 
Tarantula was distributed over the whole body, and 
expelled through the skin, but that if there remained the 
slightest vestige of it in the vessels, this became a permanent 
germ of the disorder, so that the dancing fits might again 
and again be excited ad infinitum by music. This belief, 
which resembled the delusion of those insane persons who, 
being by artful management freed from the imagined 
causes of their sufferings, are but for a short time released 
from their false notions, was attended with the most 
injurious effects: for in consequence of it those affected 
necessarily became by degrees convinced of the incurable 
nature of their disorder. They expected relief, indeed, but 
not a cure, from music; and when the heat of summer 
awakened a recollection of the dancers of the preceding 
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A type of Tarantella dance. Tarantulas can be seen along the borders and dangling from the tree. 


year, they, like the St Vitus’s dancers of the same period 
before St Vitus’s day, again grew dejected and misan- 
thropic, until, by music and dancing, they dispelled the 
melancholy which had become with them a kind of sensual 
enjoyment. 

Under such favourable circumstances it is clear that 
Tarantism must every year have made further progress. 
The number of those affected by it increased beyond all 
belief, for whoever had either actually been, or even fancied 
that he had been, once bitten by a poisonous spider or 
scorpion, made his appearance annually wherever the merry 
notes of the Tarantella resounded. inquisitive females 
joined the throng and caught the disease, not indeed from 
the poison of the spider, but from the mental poison which 
they eagerly received through the eye; and thus the cure of 
the Tarantati gradually became established as a regular 
festival of the populace, which was anticipated with 
impatient delight. 


CAUSES POORLY UNDERSTOOD 


The factors underlying these strange aberrations of 
behaviour are not fully understood today, although at the 
time of their emergence many people had very clear ideas 
about what they believed to be the cause. Thus, the dancing 
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mania in Germany was, in many instances, attributed to 
deliberate poisoning of the water supply by Jews, and this 
theory provoked severe punitive action against Jewish com- 
munities in many parts. In Italy, the dancing sickness took 
its very name from the supposed cause, which was the bite 
of the Tarantula spider. Today it seems unlikely that these 
behavioural anomalies resulted from a single causative 
agent. In some instances it is probable that a physical agent 
was responsible for the condition. For example, consump- 
tion of rye bread contaminated with the ergot fungus may 
produce convulsive symptoms and strange behaviour, due 
to toxic action on brain cells. By contrast, other conditions 
—Tarantism, for example—are likely to have had a socio- 
psychological basis rather than a physical cause. 

Christianity came late to Apulia and found a primitive 
and conservative population in which ancient beliefs and 
customs were deeply rooted. In competition with paganism 
Christianity had to adjust itself in many ways in order to 
win over the population. Ancient holidays were preserved 
and made to commemorate Christian events. Churches were 
erected on ancient sites of worship among the ruins of 
temples. Saints took over functions and attributes of pagan 
deities. Elements of ancient cults such as processions were 
taken over in Christianised form. There were limits, how- 
ever, that the Church could not well overstep. It could not 
assimilate the orgiastic rites of the cult of Dionysos but had 
to fight them. And yet these very rites that appealed to the 
most elementary instincts were the most deeply rooted. 
They persisted, and we can well imagine that people 
gathered secretly to perform the old dances and all that 
went with them. In doing so they sinned, until one day— 
we do not know when but it must have been during the 
Middle Ages—the meaning of the dances had changed. 
The old rites appeared as symptoms of a disease. The 
music, the dances, all that wild orgiastic behaviour were 


Estimated First Admission Rates to Mental Hospitals for 
Manic-Depressive Reaction and Schizophrenia according 
to Social Class, for males aged 20 and over, 1953. 

(I Professional, II White-collar, III Skilled, IV Semi-skilled. 
V Unskilled.) 


From Registrar General's Statistical Review of England and Wales. 
1952-3: Supplement on Mental Health. By permission of the Controller 
of H.M.S.O. 
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legitimised. The people who indulged in these exercises were 
no longed sinners but the poor victims of the Tarantula.* 

Although the dancing manias have long since subsided, 
modern communities are by no means immune from attacks 
of unusual behaviour or powerful emotions which spread 
rapidly through a population by a process of psychic con- 
tagion. Psychiatrists are familiar with examples of. the 
spread of morbid ideas on a more limited scale. Thus, it 
is possible for relatives living in close contact with a 
deluded patient, to share his ideas and to this extent to 
become infected by his mental disorder. 


AN APPROACH THROUGH EPIDEMIOLOGY 
The modern science of epidemiology is not restricted to 
the study of epidemics in the sense of diseases which sud- 
denly assume prominence and become widespread in a pre- 
viously unaffected population. It concerns itself also with 
inquiry into the occurrence and distribution of illness in 
populations, including illnesses which are endemic, that is, 
continually present, either in low or high proportion. 

The epidemiological approach is thus taken up with 
examining the properties of groups of sufferers in relation 
to social, demographic, and other factors. This is in con- 
trast to the traditional clinical. discipline in psychiatry 
which emphasises detailed study of the individual patient. 
For over a century sporadic interest has been shown in the 
distribution of psychiatric illness in populations, but only 
in recent years has this interest spread sufficiently to 
generate systematic inquiries into the epidemiology of 
mental illness. 

What is the pattern of mental disorder in society? Is the 
frequency of attack greater at certain ages than others? 
Are men more likely to succumb than women? Are the 
inhabitants of certain geographical areas more liable to 
illness than those in cther parts of the world? Are different 
sections of society, different classes of person, more suscep- 
tible than others? Answers to these questions are of more 
than merely statistical interest, since they may provide clues 
to the causation of mental disorder by identifying groups of 
the population displaying unusually high rates of attack. 
Such clues may be followed up by intensive inquiries aimed 
at eliciting in such groups the particular circumstances of 
life associated with the development of mental disorder. 
The statistics are also of interest to health administrators 
charged with planning suitable health services to cater for 
the mentally sick. They provide an index of need for such 
services and also indicate the kind of person who requires 
particular attention. 

Mental disorder is not, of course, a single disease entity 
but a broadly descriptive term subsuming many different 
varieties of behaviour having a multiplicity of causes. From 
the research standpoint it is not therefore profitable to con- 
sider mental disorder as a whole in epidemiological studies, 
but it is necessary to specify as precisely as possible the 
variety of psychiatric complaints under study. 

Studies have been made of the frequency of occurrence 
of specific mental disorders in populations which can be 
sub-divided in terms of place of residence or socio-economic 
status. In 1939 Faris and Dunham‘ published figures show- 
ing the distribution of 20,000 cases admitted to Chicago 
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mental hospitals during a ten-year period, in relation to 
address at the time of admission. The city area was divided 
up into a number of sub-areas which differed in such 
factors as percentage of foreign-born inhabitants, percent- 
age of homes owned, median rentals paid, density of popu- 
lation, percentage of boarding-houses and hotels. It was 
found that manic-depressive illness, for example, appeared 
with equal frequency in areas which were widcly disparate 
in their social attributes. Schizophrenia, on the other hand, 
arose much more commonly in areas containing a high 
proportion of slum dwellings, and where the population 
was highly mobile. In England and Wales, the Registrar- 
General collects statistics about admissions to mental 
hospitals, and from these figures it is possible io examine 
the frequency of occurrence of certain psychiatric con- 
ditions in relation to social circumstances. Both schizo- 
phrenia and manic-depressive illness show relatively higher 
rates of incidence in the unskilled section of the working 
male population than in other broad occupational groups. 

Various interpretations may be placed upon these dif- 
ferences in the incidence of mental disorder by area or by 
occupation. One possibility is that some factor in the way 
of life of Chicago slum dwellers, or of unskilled labourers 
in England and Wales, promotes the development of schizo- 
phrenia. Alternatively, the findings may indicate the effect 
of schizophrenia since this illness is a slowly progressive 
mental disorder that interferes with an individual’s social 
competence and may lead to a change of address or of 
occupation long before admission to hospital becomes 
necessary. The studies described are limited because they 
only take into account cases entering mental hospitals. The 
majority of patients with minor psychiatric illness and 
many with more severe conditions are treated entirely by 
general practitioners. Furthermore, there are untold 
numbers of sufferers who, for one reason or another, never 
apply for medical advice of any kind. The statistics avail- 
able from mental hospital sources are influenced by a host 
of factors, which may vary by time, place or social cir- 
cumstance, such as the ease with which patients can gain 
access to mental hospital treatment, or the degree of willing- 
ness to seek advice. 


NEW TECHNIQUES NEEDED 


These considerations point up the need for a more com- 
prehensive estimate of the extent of mental disorders in a 
population. Special surveys to assess the frequency of 
psychiatric illness in defined populations are hampered by 
the lack of objective indicators which may be used for 
diagnostic purposes. The investigators depend very largely 
upon statements by individuals under scrutiny or by reports 
of behaviour, and the transmission of this information is 
influenced by a great many extraneous factors, such as the 
attitudes of the population under investigation to mental 
disorder and the type of investigating team. 

The difficulties of obtaining reliable and valid estimates 
of psychiatric morbidity are not merely technical but spring 
from the theoretical problems of case-definition. Where lie 
the limits of normality? How may one distinguish between 
the anxiety neurotic and the person prone to worry easily; 
between morbid depression and moodiness; between a sen- 
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sitive nature and delusions of persecution? Certain dis. 
orders are defined purely in terms of social behaviour ang 
the diagnostic criteria vary greatly according to prevailing 
values and expectations about behaviour. 

Mental disorder presents a large-scale public health prob. 
lem. Forty-four per cent of the total hospital beds ip 
England and Wales are in mental hospitals and institutions 
and many thousands of patients receive attention annually 
in psychiatric out-patient clinics. A substantial minority of 
all cases consulting general practitioners are psychiatric 
problems. 

The pattern of medical care in mental disorders js 
changing rapidly at present and there is much emphasis 
upon treatment in the community, rehabilitation, and pre. 
vention. There are new ideas and also many old ideas 
which have been resurrected and furbished. In the hands 
of pioneers and enthusiasts most new treatments, whether 
in psychiatry or in the broader field of medicine, are suc. 
cessful though the success is not always sustained when the 
therapies are taken up generally. A critical evaluation of 
remedies is necessary so that specific therapeutic effects 
may be distinguished from non-specific effects due to sug- 
gestion and expectation. The controlled therapeutic trial 
is a well-established method of assessing the merits of 
drugs. Experimental methods similar in principle to the 
controlled trial of a drug could be used to examine the 
effects of a public health programme directed to the pre- 
vention of mental disorders in particular communities. Sur- 
veys to measure the amount and distribution of mental 
disorders in two similar communities could be made 
periodically while the preventive measures were being 
introduced into one of the communities, provided the cir- 
cumstances of the experimental and the control com- 
munities remained otherwise similar throughout the period. 

The use of epidemiological concepts in psychiatry may 
therefore be expected to shed light on some aspects of the 
causation of mental ailments and may provide a way of 
assessing the value of treatment measures, both preventive 
and curative. 

With the elimination of the ancient scourges of man- 
kind—,*lague, malaria, smal!pox, and tuberculosis—other 
morbid conditions, including mental illness, are achieving 
priority in the minds of public health doctors and adminis- 
trators. The epidemiological approach is but one of many 
lines of attack which may be expected to add increasingly 
to psychiatric knowledge. 
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Of all end-product control, that of drugs is the most 
exacting and the most vital—in the literal sense of the 
word. The “dissatisfied customer” may die of his complaint. 

There is a wider aspect. Four years ago, a World Health 
Organisation Study Group pointed out: “It has been 
estimated that some five hundred new medicinal sub- 
stances are being introduced into the materia medica every 
year. This large number of new substances represents a 
certain hazard to public health, especially considering the 
relatively short time between the production of a new 
substance and its use. Twenty years ago, this interval may 
have been five to ten years. Today it is as short as six 
months.” 


OVER 500 NEW DRUGS A YEAR 


Over 80% of the drugs prescribed by doctors today did 
not exist twenty-five years ago. The breakaway came with 
the discovery of the sulpha drugs which underlined 
Ehrlich’s principle that specific germs could be attacked 
chemotherapeutically within the living body. Then came 
penicillin and other antibiotics. These and all the other 
new drugs for the body and mind which have been pro- 
duced have given the doctors near-precision instruments 
for attacking disease. But their multiplication and world- 
wide use involve risks. The medicines that have been 








Ritchie Calder has written extensively on scientific developments 
throughout the world. 
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SCIENCE IN INDUSTRY: AS PRESCRIBED... 


RITCHIE CALDER 


The pharmaceutical industry has largely displaced doctors’ dispensaries and formulary prescriptions. 
In doing so it has assumed the responsibility for the thorough testing of drugs before releasing them 
for medical use. This story of griseofulvin is the third in a series on the role of Science in Industry. 


replaced may have been blunt instruments but they were 
safeguarded by long and localised experience. Today, 500 
or more new drugs are introduced each year into world 
medical practice. They may be proprietary or nationally 
produced versions of existing drugs, modifications or 
improvements, or entirely new products. Since dispensing 
practices, standards, and assays can vary from country to 
country, the World Health Organisation, with the co- 
operation of forty eminent pharmacologists in various parts 
of the world, set out to identify, assay, and evaluate the 
drugs in an International Pharmacopoeia so that a prescrip- 
tion would mean the same thing everywhere. 

It is the pharmaceutical company, however, which has 
the initial responsibility for seeing to it that the product 
will not only produce the results claimed for it but that it 
will have no harmful side effects. If there are secondary 
effects, the doctors must be made clearly aware of them to 
be able to weigh them against the benefits. (We are not 
discussing self-medication here but, rather, “ethical” 
pharmaceuticals.) Even this does not reduce ihe responsi- 
bilities of the producer. If the drug is novel, the doctor’s 
experience—apart from making him wary—will not qualify 
him to judge except by experimenting on his patients. In 
addition to knowing that a drug can do what is claimed, a 
doctor also needs to know the conditions under which it 
can be prescribed. In other words, a pharmacologist pre- 
senting a drug has to proffer experimental and clinical 
guarantees in place of the many years of empiricism which 
sanctioned the old materia medica. Quite a responsibility! 
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THE INDUSTRY—ITS PROBLEMS AND 
NIGHTMARES 


The pharmaceutical industry today is Big Business. Over 
203,380,000 prescriptions a year are dispensed in Britain 
under the National Health Service at a cost of £65,500,000. 
Over 40° of the amount for ingredients goes into anti- 
biotics, hormones, and heart drugs. To stay in business it 
is necessary for pharmaceutical firms to find and prove new 
drugs. This calls for the maintenance of extensive and 
expensive research establishments, a close working relation- 
ship with academic scientists, and the co-operation of 
hospital specialists who assist with clinical tests. The search 
for original products is as intensive as the investigation and 
improvement of existing ones. (In the search which led to 
the discovery of streptomycin, Waksman examined 10,000 
soil cultures, found 1000 active against bacteria, ten interest- 
ing enough to be isolated and described, and only one 


clinically useful.) 


A microbiological assay section working on new antiobiotics at the Glaxo Laboratories. 


Exacting standards of chemical purity are not enough in 
the pharmaceutical industry; biological activity must also 
be precisely guaranteed. There has to be an awareness not 
only of normal physiological reactions to a drug but also 
the effect of individual idiosyncracies. Side-effects and 
unjustified claims are the nightmares of the pharmacologist. 
Both can be damaging. If a doctor cites a particular case 
of ill-effect in a medical journal or writes with excited 
enthusiasm about an unexpected and unclaimed virtue 
which cannot be sustained, the normal value of a drug may 
be discounted. (Cortisone took a long time to recover in 
medical esteem and find its proper place in medical practice 
after the flamboyant claims of “spectacular cures” that 
were made for it in the popular Press.) Other nightmares 
are the faulty refrigerator, the careless prescription, and the 
coroner’s strictures. 
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THE STORY OF GRISEOFULVIN 

To see what is involved in “end-product control”, let ys 
take the case history of one antibiotic—griseofulvin—ang 
the experience of one Company—Glaxo Laboratories Lt 
—although Imperial Chemical Industries Ltd also comes 
into the picture. 

Griseofulvin, isolated by Oxford,: Raistrick, and Simonet 
in 1939, was one of the earliest antibiotics—a contemporary 
of penicillin. In the beginning it showed no promise ag an 
antibiotic for animals or humans as it had no effect on 
bacteria. The investigators at Glaxo and I.C.I. were 
interested in its peculiar horticultural properties, however, 
When it was spread around a plant, the chemical was 
absorbed by the roots and distributed by the sap, attacking 
fungal growths on the leaves and stem. Its action, in other 
words, was systemic. 

Both companies pursued the study of griseofulvin and 
set up production units, but its usefulness was limited at 





the time to plants of higher economic value, such 2% 
lettuces, because of its cost. 

In the early days, the action of griseofulvin was puzzling. 
Although it could destroy the dermatophytes which caus 
common and disfiguring fungal diseases like ringworm, it 


did not act when applied to the diseased tissues. The | 


explanation—now apparent from subsequent experience— 
is that the fungi live on the dead or dying skin cells, the 
superficial keratin of the epidermis, nails, and hair. As Dr]. 
Walter Wilson of the University of Southern California had 
suggested, the only way of treating skin fungal infections 
was “from within, out” using a substance which would be 
carried through the body system to the outer layer of skin. 
Thus, the cells would contain the antifungal before the 
fungus battened on. 

Griseofulvin was not a self-evident answer at the time. 
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Before treatment. 





After 17 days of treatment. 


Tokelau ringworm infection that was on body since childhood. 


Since it had been impossible to detect any toxicity in mice 
or man, it looked as though griseofulvin was not absorbed 
into the system at all. Then, in 1958, Dr J. C. Gentles, 
lecturer in Medical Mycology at Glasgow University, tried 
an experiment. He shaved the flanks of guinea pigs and 
applied the particularly vicious fungus, Trichophyton 
mentagrophytes, which soon caused highly inflammatory 
lesions. He then gave the animals griseofulvin as pills. 
Within four days the sores were healing. By giving the pills 
in advance, he found he could prevent the fungus from 
“taking”. Here was a preventative and a cure. Loading the 
cells with griseofulvin before they died prevented the 
fungus from growing; when the fungus had already taken 
hold, the griseofulvin taken up by succeeding cells pre- 
vented its continuation. Lauder and O’Sullivan of the 
Glasgow University Veterinary College later demonstrated 
the cure and prevention of ringworm in cattle. 


A “VERITABLE EXPLOSION’’ IN THE 
SCIENTIFIC WORLD 


The first trials of pills on a human patient saved a well- 
known London actor from giving up a part in a play 
because of “‘athlete’s foot”. The fungal growth had spread 
from the web of his toes over the whole foot and up his 
ankle and was unendurable while he was acting. Within 
three days after the beginning of treatment, the heat and 
itching had stopped; within a fortnight, the skin had healed. 


(This trial, carried out on an “old-boy” basis by a doctor 
who was the friend of a friend, brought a great many volun- 
teers, but none of these cases was considered an official 
test.) 

Then the I.C.I. workers made what seemed to be a dis- 
turbing discovery. They found that very large doses of 
griseofulvin injected into the vein of laboratory animals 
had an antimitotic effect. To a limited but detectable 
extent, cell division was prevented in the bone marrow, the 
testes, and the gut epithelium. The investigators went back 
and studied this effect with the help of Prof. Koller of the 
Chester Beatty Institute. Many experiments under the most 
exacting conditions established the fact that griseofulvin 
in the dosages that would be used in treatment did not have 
even a minimal effect on cell division. But here was an 
advance alert of possible side-effects which must be con- 
tinuously kept under review. 

Initial clinical trials with a significant number of cases 
were carried out by Prof. Gustav Riehl in Vienna. All of 
the individuals were hospitalised and careful blood and 
biochemical tests were made throughout the treatment. The 
results were convincing. Some long-standing chronic infec- 
tions cleared up quite rapidly—within a month or six 
weeks—when the doses were as small as 1 to 2 gm./day. 
The findings were reported to the Austrian Dermatological 
Society on November 27, 1958. 

Dr David Williams of King’s College Hospital, London, 


Infection of nails with Trichophyton rubrum. 


Before treatment. 





COVERY 


After 5 months’ treatment. 








also carried out clinical trials on a number of difficult skin 
cases with encouraging results. In the meantime, Dr 
Gentles’s publication of his findings in Nature was pro- 
ducing inquiries from all over the world. Prof. Harvey 
Blank of Miami wrote to Glaxo about a very unusual case 
of Trichophyton rubrum infection which was very exten- 
sive and had given rise to abscesses. The trouble, years old, 
had reached a stage which was endangering the patient’s 
life. A quantity of griseofulvin was sent with the suggestion 
that, in such an extreme case, the patient be given 





Frank Lonsdale 


Dr J. C. Gentles of Anderson College, 
Glasgow University. 


5 gm./day. The response was immediate. The dosage, well 
tolerated, was gradually reduced as the infection dis- 
appeared. Successful clinical trials on patients whose fungal 
infections had resisted treatment for as long as thirty years 
were also reported from Mexico, Portugal, Israel, Germany, 
Cuba, Canada, France, and South Africa. 

Individual case records—more human than statistics— 
show that the drug cured a case of ringworm of the scalp 
that a sixty-seven-year-old woman had had since she was 
five. It also helped an artist who had contracted fungal 
infection of the finger nails during the Second World War 
and whose condition had become so bad during fourteen 
years of treatment, he could no longer work. 

During this period, the drug was undergoing intensive 
laboratory tests in the United States to satisfy the exacting 
requirements of the Food and Drugs Act. The interference 
with cell formation that had been detected with large 
dosages at I-C.I. led to a scrutiny which has rarely been 
equalled in the U.S. Scientists there made large-scale bio- 
chemical investigations, histological studies in animals, 
bone marrow and blood investigations, and direct counts of 
of the possible effects on sperm production. The search 
revealed no effects within the range of any conceivable 
oral dose. Griseofulvin was given a “clean bill”. 

By the time griseofulvin was marketed in April 1959, 
over 7000 cases had been treated, carefully observed, 
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Prof. P. C. Koller of the Chester Beatty Research Institute. 


appraised, and reappraised. Over thirty independent pro- 
fessional reports that were published added their support. 
By the end of 1959 there were over 100 such reports and 
Dr Wilson, speaking at a meeting of the Academy of Der- 
matology, referred to the “veritable explosion in the 
scientific world” caused by Dr Gentles’s paper. “In my 
opinion”, he added, “no drug has ever been so extensively 
studied in the first year of its existence.” 


BRIEFING THE DOCTORS 


In the guidance given to the medical profession, griseo- 
fulvin, under the Glaxo trade name of “Grisovin” (I.CI’s 
is “Fulcin”) was offered as “a new approach to the treat- 
ment of fungal infections of the skin”. The dermato- 
phytes which cause ringworm of the hands, feet, nails, 
body, and scalp were specified and the doctors were told 
the new drug was active against this group. All the fungal 
diseases against which it is not active were also listed. The 
medical profession was informed that griseofulvin had no 
antibacterial effect and that this was an advantage since 
the oral administration of the drug would not markedly 
change the gastro-intestinal flora (the beneficial micro-life 
of the stomach and bowels on which well-being may 
depend). 

The doctors were told as much as was known about the 
mode of action to give them some insight into the systemic 
process. They were briefed on how the cells which produce 
the keratin of the shed skin, nails, and hair can take up 
griseofulvin in their living state and how, in contact with 
such resistant cells, the hyphae of the fungi become dis- 
torted and stunted. “The ideal dosage”, they were told, 
“has not yet been completely defined, but it has a rematk- 
ably low toxicity. In practice, four tablets (1 gm.) daily, 
given by mouth, has been widely adopted for adults. In 
the treatment of more severe cases, a loading dose of up t0 
2 gm. daily may be given for a short period at the begu 
ning of the treatment... .” 


— 

















(Left) Small-scale fermentation 
at Glaxo’s griseofulvin pilot 
plant at Sefton Park. 


(Below) Griseofulvin extraction 
units at Glaxo’s large-scale 
antibiotics plant at Ulverston. 
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d They were also informed that side-effects include head- 
. aches which may be severe during the first few days of 
e treatment, that gastric discomfort may arise, and that 
y nettle-rash has occurred on rare occasions. But “any 
ly undesirable effects encountered have ceased on termination 


of the treatment and most of them, particularly headache, 
have disappeared after a day or two”. 

The medical profession was given the precise description 
o- of the drug’s chemical structure (7—-Chloro—4:6:2’-trime- 
Mg thoxy-6’—methylgris—2’-en-3:4’-dione) and an account of 
t- its pharmacology: “Following the experiment of injecting 
Q- intravenously a suspension of a near lethal dose of 200 mg. 
s, griseofulvin /kg. of body-weight in rats, transient arrest of 
Id mitosis in bone-marrow and testes was demonstrated by 
al Paget and Walpole (1958). Intraperitoneal injections of 
he 2000 mg./kg. body-weight also caused a similar effect. 
10 Such an effect has not been detectable in animals given 
ce exceptionally large doses by mouth, and animals under- 
ly going chronic toxicity studies have continued to breed and 
fe behave normally.” All the relevant literature has been 
ay listed so that the prescribing doctor can satisfy himself, 
and indeed educate himself, about what is not only a new 
he drug but a new departure in medical treatment—the sys- 
ric temic approach to skin disease. This development has been 
ce a very important one because dermatology, dealing with 
up the most extensive tissue of the body, has not had a 
ith | “Scientific break” until now. 
is- In the pharmaceutical industry, the end-products are not 
id, the drugs but, rather, the specific effects observed by the 
k- doctor and felt by the patient. “Quality control” is neces- 
ly, sary to ensure the consistency of the product every step of 
In the way—from the growing of a mould, through the pro- 
to cesses of extraction, to the final determination of chemical 
in- purity and stability and the biological assay. Most impor- 
tant, from the patient’s point of view, are the careful 
Clinical trials which guarantee the safe usage of new drugs. 
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An Introduction to Electronic Theory of 
Organic Compounds 

By H. L. Heys, m.a. (George G. Harrap 
and Co. Ltd, 1960, 236 pp., 16s.) 

The application of electronic theory to 
organic chemistry has now reached the 
stage where it can provide the means of 
simplifying and unifying our knowledge 
of this complex subject. The recognition, 
for instance, that a wide variety of 
apparently unrelated reactions can all be 
looked upon as nucleophilic substitutions 
must surely help the student to assimilate 
what he would otherwise consider as a 
bundle of miscellaneous facts. Electronic 
theory is indeed so useful that it should 
be introduced, at least in an elementary 
form, at an early stage in the teaching of 
organic chemistry; it is therefore of prime 
importance that its presentation at that 
level, though perhaps simplified, should 
be clear, convincing, and fundamentally 
sound. These requirements are adequately 
satisfied in the present text, which bears 
all the marks of having being written by 
a most competent teacher. 

The first half is concerned with the 
general principles of bond character, bond 
formation, bond fission, and resonance, 
the treatment being based both on the 
valence-bond and the molecular orbital 
methods. Then follow three chapters on 
heterolytic reaction mechanisms, which 





deal mainly with nucleophilic addition to 
the carbonyl group, electrophilic addition 
to olefins, substitution and elimination in 
alkyl halides, formation and hydrolysis 
of esters, and aromatic substitution. 
There is then a brief discussion of acids, 
bases, and tautomerism, and finally two 
short chapters on free radicals and their 
reactions. 

The book is intended for students who 
are spending a third year of advanced 
study in the sixth form, or who have just 
entered a university, and it fulfils its pur- 
pose admirably. It is true that a first-year 
university course will probably include 
mechanistic treatment of some reactions 
(Claisen, Cannizzaro, etc.) which are not 
mentioned in the present text, but a 
student who is familiar with the principles 
and examples so clearly expounded should 
have little difficulty in understanding their 
applications in other fields. 

It is unfortunate that in the discussion 
on the Walden inversion (p. 143) it is 
implied that inversion is invariably 
accompanied by a change in the sign of 
optical rotation. Mention of the Schotten- 
Baumann reaction (p. 179) in the context 
of aromatic substitution could also be 
misleading, but these are small blemishes 
in a book which can be strongly recom- 
mended. At sixteen shillings, this is a 
remarkably good bargain. L. N. OWEN 
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Excavations on Defence Sites, 1939-1945 
I. Mainly Neolithic-Bronze Age 
BY W. F. GRIMES 


The first of three volumes dealing with the excavation of some of the 
antiquities, threatened by destruction during the Second World War, on 
sites widely scattered in Southern England and Wales. Fully illustrated. 


Cloth bound. 


(post 2s.) 


A Matter of Time 
An Archaeological Survey 


Records details of archaeological sites faced with destruction as a result 
of the increase in gravel digging for industrial purposes. A great variety 
of earthworks are thus endangered, and this is a guide to the areas most 
urgently in need of study. Designed for both amateur and specialist the 
book has many aerial photogaphs, text drawings, comprehensive biblio- 


graphy and index. 


10s. 6d. (post 8d.) 


From the Government Bookshops or through any bookseller 
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THE BOOKSHELF 


Piant Viruses 

By Kenneth M. Smith, c.B£., FRs, 
(Methuen Monographs in _ Biological 
Subjects.) (2nd edition revised and reset 
1960, 209 pp., 2 diagrams and 8 half-tone 
plates, 16s. 6d.) 

Since it first became known that many 
plant diseases were caused by a virus, 
scientists all the world over have devoted 
years of their lives finding out the nature 
of the virus, the symptoms of infection, 
the causes of infection and the methods 
of control. In this handy volume are 
summed up the results of thirty years of 
personal work by the author and also the 
findings of other workers in the same 
field. 

This book is not written for the expert 
scientist but rather for the agriculturist 
or small garden enthusiast; it therefore 
appeals to a very much wider circle of 
readers. 

Many factors govern virus infection, 
such as light, temperature, soil moisture, 
nutrition, type of virus concerned and the 
age and condition of the host species. 
Symptoms are not so easy to recognise 
as they vary considerably even in the 
same plant infected by the same virus. 

The spreading of these diseases can be 
due to various causes. Accidentally it 
could be caused by the fur of rabbits or 
dogs running through a crop, or by the 
trousers of a potato inspector, or an 
innocent-looking tractor or pruning 
shears. Vegetative propagation is respon- 
sible for much unintentional dissemina- 
tion of virus, but living animal vectors 
are the chief culprits for spreading infec- 
tion, notably the aphid, the leafhopper, 
some mites and thrips; also the grass 
hopper, earwig, beetles and their larvae. 
Some soil organisms also carry the 
disease. 

There is an excellent chapter on control 
methods and how to prevent infection. 
Apart from the obvious methods such as 
breeding virus-resisting varieties, use of 
insecticides, and waging direct warfare 
against vectors, less generally known are 
heat therapy, chemical treatment, and not 
allowing weeds or dead vegetation 1 
remain near the crop. 

The author does not pretend to have 
said the last word on viruses in this little 
volume; on the contrary he points out 
that there is still much that is unknow) 
about the interrelations of plant and vir 
and that only continued experiment and 
observation can give the whole story. 
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* JUST PUBLISHED * 


IRRIGATION AND HYDRAULIC DESIGN 


Volume Ill 
Hydraulic Structures for Irrigation and Other Purposes 


SERGE LELIAVSKY 
Ph.D., M.ILC.E., F. Am. Soc., C.E. 


The third, and last, volume in Dr Leliavsky’s great work deals with multiple-purpose hydraulic structures, 
such as the various types of headworks on alluvial rivers, from the standpoints of design, execution and 
economics, the electrification of existing headworks and hydraulic power stations in general, navigation 
locks, arches, dams, etc. With over 800 illustrations. 13 gns. net 


THE CHEMISTRY OF THE TERPENES 


A. R. PINDER 
B.Sc., Ph.D., D.Phil 
Senior Lecturer in Organic Chemistry, University College, Cardiff 


Dr Pinder’s book provides a bridge between the general text-books on organic chemistry and the com- 
prehensive works on terpenes which are available. It gives an adequate, systematic, and up-to-date 
coverage of the subject and provides both the student and all workers concerned with industrial aspects 
of all terpenes with the essentials of terpene chemistry. Illustrated. 50s. net 





37 ESSEX STREET, LONDON, W.C.2 



































—=——HEINEMANS 
@) falloxevenwars at Cn oc cane 
by J. Postma, M.D. 


This book deals with the: condensing forces which 


= = are responsible for the building of the material 
clienti CG or S human body. All problems connected with it are 


dealt with in a careful and thorough discussion on 


W. E. FLOOD the basis of modern research. It is a most important 
Department of Education, University of Birmingham a for — and for ate who wants to 
‘ t his own problems of incarnation. 
“A work of great authority which makes absorbing read- a . 
ing.” —New Scientist. “This bookisa cheap and intelligently 160 pages Illustrated 21s. net 


conceived alternative to the conventional dictionary, and it 
should appeal to everyone, layman and scientist alike, trying 





to understand what is going on around him today.”— GOOD ENGLISH FOR 
Director. “Any layman concerned with advancing 
his scientific knowledge could study this book with MEDICAL WRITERS 
profit.”—Chemical World. 18s. by Ffrangcon Roberts, M. A., F.F.R. 
(author of Medical Terms) 

H + H This book will be important reading for all concerned 
The Pupil § Thinking PROF. E. A. PEEL with writing theses, articles, reports and books on 
This book, addressed to students and teachers relates the topic of medical subjects, and all biological sciences. 
thinking to education and psychology. Numerous references are 
made throughout the text to thinking in school subjects, from 192 pages 17s. 6d. 
arithmetic, mathematics and science to history, languages and 
Creative writing. 15s. 








William Heinemann Medical Books Ltd. 
15-16 Queen Street - Mayfair - London W.1 
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FORTHCOMING 
TITLES 





ANTARCTIC 


METEOROLOGY 
Edited by L. J. DWYER 


Proceedings of the Symposium 
held in Melbourne by the 
Australian Bureau of 
Meteorology containing much 
new information. 

£5 5s. net 





ASPECTS OF THE 


ORIGIN OF LIFE 
Edited by M. FLORKIN 


This book contains 20 articles 
selected from the Symposium on 
the Origin of Life on Earth, held 
in Moscow, enabling the layman 
to read for himself the opinions 
of the world’s experts. 

30s. net 








THE AUTODYNE 


A New Electrical Machine 
0. BENEDIKT 


Describes a novel new member of 
the broad family of rotary 
amplifiers, giving with a single 
machine a means to obtain 
control of any quantity that can 
be made to depend on a direct 
current, using the ordinary fixed 
frequency a.c. power supply as the 
source of energy. 

Approx. 70s. net 


The present edition is a handy volume 
easily fitting into the pocket, with well- 
arranged matter so that quick reference 
can be made to the practical methods of 
control. The addition of a copious biblio- 
graphy provides a long list of articles for 


further reading. P. J. ALEXANDER 


The New World of Mathematics 

By George A. W. Boehm and the Editors 
of Fortune (London, Faber & Faber, 
1960, 128 pp., 10s. 6d.) 

Feeling it to be a matter of public impor- 
tance to convey the new feeling of mathe- 
matics to its nation-wide readers, the 
Editors of Fortune magazine and George 
Boehm consulted over eighty of the lead- 
ing mathematicians of the U.S.A. and pro- 
duced a remarkable series of magazine 
articles. These have now been expanded 
into a book. 

The Americans are extremely aware 
that a mathematical revolution has taken 
place and that the new ways of thinking 
extend far into the social fabric in many 
directions. They are excited about this and 
wish to convey the excitement to others; 
furthermore, many of their scholars res- 
pect popular exposition as an honorable 
craft. Since this outlook is harder to find 
in England, our teachers and young people 
contemplating a mathematical career 
could learn a great deal from it even 
though it is short and often superficial. 

When discussing problems which in- 
terest contemporary mathematicians, it is 
obvious that the choice is greatly 
restricted if the examples are to be com- 


prehensible to the lay reader. This book 
contains many which are not in other 
popular expositions and which are enter. 
taining. 

This gossip-column on modern mathe. 
matics should be welcomed by the general 
reader as it is streamlined, slick, and very 
readable. But it is a pity that the extensive 
work of preparation was not better used 
when the articles were expanded to book 
form. With adequate footnotes and refer. 
ences to original sources, the more serious 
reader could have followed up the many 
interesting openings, and teachers who 
wish to keep their teaching up to date 
would have found an invaluable com. 
panion. As it is, these opportunities have 
been largely missed, and the book remains 
only high quality journalism when it could 
have been very much more. 

T. J. FLETCHER 


Photographic Lunar Atlas 


Edited by G. P. Kuiper (Pergamon Press, 
1960, £10 15s.) 
The long-awaited photographic atlas 
which has been prepared by G. P. Kuiper 
and his colleagues, D. W. G. Arthur, 
E. Moore, J. W. Tapscott, and E. A 
Whitaker, has now appeared. It is pub- 
lished in America by the University of 
Chicago Press, and issued in Britain by 
the Pergamon Press. It takes the form of 
230 lunar photographs, in large sheets. 
Strictly speaking, it is not an atlas, since 
only the preliminary photographs are 
keyed. However, the whole visible sur- 
face of the Moon is adequately covered, 











CHARLES DARWIN 
The Founder of the Theory 
of Descent and Selection 

G. WICHLER 


An analysis of Darwin’s life 
along lines that are partly new. 
40s. net 








Please send for fully descriptive 
leaflets 


Headington Hill Hall, Oxford 

4 & 5 Fitzroy Square, London W.1 
122 East 55th Street, New 

York 22, N.Y. 














‘Progress of Science’ Series 


‘*Early specialization threatens to prevent all means of communication between scholars 
of the arts and the sciences. This series represents one of the welcome attempts that are 
being made to remedy the worst consequences of this educational folly.” New Scientist 


Titles so far include: 


LIFE IN THE DEEP RADIO ASTRONOMY 


by Maurice Burton by Nigel Calder 
ROBOTS WEATHER 
by Nigel Calder by R. S. Scorer 
THE NEW MATERIALS COMMUNICATIONS 
by Gerald Leach by Charles Marshall 
TRANSPORT THE WORLD OF FEELING 
by Egon Larson by J. D. Carthy 


Latest in the Series 


NATURE AND MAN by John Hillaby 


A fascinating picture of our contemporary battle for existence between man, animals 
and plants. “In a class by itself.” Observer 


At all Bookshops 


Fully Iustrated 9s. 6d. each 
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and each area is shown under several 
different angles of illumination. The 
photographs are on a comparatively large 
scale, the main pictures measuring 
approximately 16 in. by 20 in. There is 
an introduction written by Kuiper. 

There can be no doubt that the work 
is a most useful contribution to seleno- 
graphy. Photographs from various obser- 
vatories have been used, those listed being 
Mount Wilson, Lick, McDonald (Texas), 
Yerkes, and the Pic du Midi (France). An 
immense amount of labour has gone into 
the compilation, and the atlas should be 
in the hands of every student of the 
Moon. 


A few criticisms must, however, be 
made, The photographs are not of uni- 
form quality; most are fairly good, some 
are excellent, and a few are frankly poor. 
It is unfortunate, though inevitable, that 
the best photographs cover areas which 
have already been adequately dealt with 
elsewhere. In other pictures the definition 
is faulty, and it seems that this is due 
partly, at least, to over-enlargement. It 
might have been wise to have produced 
the photographs on a somewhat smaller 
scale, thereby increasing the sharpness 
and also making the atlas less cumber- 
some to handle. A minor fault is that the 
editors have again tampered with the 


nomenclature of the lunar surface. The 
naming of the various formations has 
caused discussion for many years, but 
Kuiper has made things even worse by 
dropping some long-established names 
(such as Palus Nebularum) and altering 
others (the formation known to all seleno- 
graphers as Promontorium AZnarium has 
now become “Taenarium”’). 

Despite these shortcomings, the appear- 
ance of the atlas is most welcome and, 
under the circumstances, the price is not 
exorbitant. It is to be hoped that in future 
editions, which will doubtless be called 
for, a few of the poorer photographs will 
be replaced. PATRICK MOORE 








SOCIETIES 


THE BRITISH 
INTERPLANETARY SOCIETY 
12 Bessborough Gardens, 
London, S.W.1 


MEMBERSHIP and Fellowship is open 
to all interested in space-flight, rocket 
engineering and astronomy. 

Full particulars of membership, together 
with a free copy of the Society’s Journal and 
programme of lectures in London and many 
provincial towns, will be sent on request. 








MICROSCOPES 


[UNWANTED MICROSCOPE. Turn it into 
cash. We buy at top prices, Microscopes 
up to 50 years old, also barographs. Send or 
bring to the specialists, Wallace Heaton Ltd, 
127 New Bond Street, London, W.1. 








FOR SALE 


OUND Discovery Vols. VII to XV 
(1946-54) inclusive. Parker, 8 Rosecroft 
Close, Orpington, Kent. 


APPOINTMENTS VACANT 








Classified Advertisements 


5s per line. Box No. 1s extra 


Advertisements can be accepted up to and 

the 10th of the month for inclusion in the 
following month’s issue which is published on the 1st 
of the month. 





APPOINTMENT VACANT 


ATENT EXAMINERS AND PATENT 

OFFICERS. Pensionable posts for men 
or women for work on the examination of 
Patent applications. Age at least 21 and 
under 29 (36 for Examiners), with extension 
for regular Forces Service and Overseas 
Civil Service. Qualifications: normally First 
or Second Class Honours Degree in Physics, 
Chemistry, Engineering or Mathematics, or 
equivalent attainment, or professional quali- 
fication, e.g. A.M.I.C.E., A.M.I.Mech.E., 
A.M.LE.E., A.R.I.C. London salary (men) 
£655-£1460; provision for starting pay above 
minimum. Promotion prospects. Write Civil 
Service Commission, 17 North Audley Street, 
London, W.1, for application form, quoting 
$/128/60, and stating date of birth. Closing 
date December 31, 1960. 








HE SCIENTIFIC CIVIL SERVICE needs 

men and women for pensionable posts 
as (a) SENIOR SCIENTIFIC OFFICERS and (b) 
SCIENTIFIC OFFICERS in all major scientific 
fields, including 


PHYSICS 
ENGINEERING 
CHEMISTRY 
METEOROLOGY, 
MATHEMATICS and 
BIOLOGICAL SUBJECTS 


Age limits: (a) at least 26 and under 32; (b) 
at least 21 and under 29. Extension for 
regular Forces service and Overseas Civil 
Service. Qualifications: normally First or 
Second Class Honours Degree in Science, 
Mathematics, or Engineering, or equivalent 
attainment; additionally for (a), at least three 
years’ relevant (e.g. post-graduate) experi- 
ence. Selection by interview. London salaries 
(men): (a) £1330-£1640, (b) £730-£1205; 
provision for starting pay above minimum. 
Promotion prospects. Write Civil Service 
Commission, 17 North Audley Street, 
London, W.1, for application form, quoting 
(a) $/53/60, (b) 8/52/60. Closing date 
December 31, 1960. 








PPLICATIONS are invited for a number 

of CIVILIAN SCIENCE .SCHOLARSHIPS 
tenable for three years at the RoyAL MILI- 
TARY COLLEGE OF SCIENCE, SHRIVENHAM, 
with exemption from tuition, registration 
and examination fees and giving a main- 
tenance grant of £355 a year which may be 
supplemented by a dependant’s allowance. 

Scholars take a course for the London 
University Degree of B.Sc. (Special) in 
Mathematics, Physics, or Chemistry, or 
BSc. (Eng.), with a view to entering the 
Scientific Civil Service. 

Candidates must be men born between 
October 2, 1939, and October 1, 1943, unless 
they have completed their National Service 
when they must have been born not earlier 
than October 2, 1937. 

Candidates must satisfy the nationality 
tules laid down for employment in Govern- 
ment Research Departments. 

Candidates must satisfy the conditions for 
registration by the University of London for 
4 course leading to B.Sc. (Special) or B.Sc. 
(Eng.). A statement to this effect must be 
produced before October 1, 1961. 

For application forms and further particu- 
lars write: War Office (C.13(c)3), London, 
S.W.1; closing date for receipt of completed 
forms January 2, 1961 
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ledge of optics. 


PHOTOMICROGRAPHY, 


advantage. 





ATOMIC ENERGY RESEARCH ESTABLISHMENT, 
HARWELL 


requires a 
SENIOR PHOTOGRAPHER 


preferably with laboratory training who has Inter. Cert. I.B.P. or equivalent and 
experience in photomicrography in monochrome and colour and a practical know- 


The selected applicant will work in a section engaged on applying photographic 
techniques to a wide range of research problems and, under the guidance of the 
section head, will be concerned principally with MACRO-PHOTOGRAPHY, 
and MICROPHOTOGRAPHY. He also will be 
required to undertake other technical photographic work. 


Some experience of high resolution microphotography and ciné would be an 


STARTING SALARY: £700-£870 p.a. according to experience. 
Contributory pension and housing assistance schemes. 


Send POST CARD for detaiis to: 
Personnel Manager (1839/47) U.K.A.E.A., A.E.R.E., Harwell, Didcot, Berks. 
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— Reasons 
why “Quickfit” helps 
laboratory practice 


It pays to standardise on ‘‘Quickfit’’ because 
the glassware is itself standardised. It is 
interchangeable in the fullest sense of the 
word. It speeds up and furthers correct 
laboratory practice. ‘‘Quickfit”’ is sold on 
a system that is at once economical and 
easy to order by. ‘*Quickfit’’ packing in 
cleverly fitted trays greatly simplifies 
storage and reduces breakage. 


You can rely on the 
accuracy of “‘Quickfit”’ 


QUICKFIT & QUARTZ LTD. 


Dept. 33(d), ““QUICKFIT’’ WORKS, 
Heart of STONE, Staffordshire 
Telephone: STONE 481 











Study at Home 


The increasing importance of S¢j 
in industry, commerce and 

opens up many worth-while 

nities for Science graduates. 

Hall (est. 1894) provides postal tuition 
for the examinations leading to th 
B.Sc. degree of London University, fo 
which residence at the University, is not 
required. Prospectus (please 

exam or subject) from E. W. Shay 
Fletcher, C.B.E., LL.B., Director of 
Studies, Dept. WM8, 


WOLSEY HALL, OXFORD 


B.Sc. 


Degree 
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DISCOVERY 
BINDING SERVICE 


We invite readers to send in their copies of 
DIscovVERY now to be bound in book form. The 
cases are covered in yellow linen with white letter- 
ing on black panels, and can be supplied separately 
if required. The table of charges below includes 
the supply of title page and index. Most back 
issues from 1951 onwards are available at 2s. 6d. 
each. (May 1960 and later issues 3s.) 


Cost of binding per volume 13s. 6d. 
Biuder’s case only 6s. Od. 
Complete volumes for 1954, 1957, 

1958, 1959, each £2 4s. 6d. 
Complete volume for 1960 £2 10s. 6d. 


c 
This Service closes on February 28, 1961! 
@ 


JARROLD & SONS LTD 
St James, Norwich NOR 50P 
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Editorial Office: 11 Gate Street, Kingsway, W.C2 
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At Neston we make high-temperature, high-purity re- are known as Purox. Newly developed techniques allow us 
fractories, in such materials as Thoria and Magnesia, to make these refractories in sizes, and with an intricacy 
which cannot be bettered by refractories made anywhere of form, that would have been impossible even a year 
else in the world. Collectively these with other very or two ago. So when a job demands a refractory that 
pure Recrystallised Alumina and Zirconia refractories seems unobtainable you may find what you need at... 
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MORGAN REFRACTORIES LIMITED - NESTON - WIRRAL - CHESHIRE - TELEPHONE: NESTON Rae of 
/ 





Higher and faster fly the jet planes—at speeds and altitudes 
where only the staunchest materials will serve. In the 
whirling inferno of jet-engine compressors, I.C.I. titanium 
stands up to heat and stress as no conventional light 
metal will. Titanium exhaust shrouds, bulkheads, even 
bolts and rivets, lighten the load as the airliner speeds 
through the stratosphere. But there’s still the day-after- 
tomorrow to think of—when airliners will take off verti- 
cally and fly at 1500 m.p.h. There’ll be new stresses and 
temperatures to meet, new problems of weight-saving to 
be solved, and I.C.I.’s scientists mean to be ready with 

LIFE’S many of the answers. In I.C.I. laboratories new metals 
like niobium and beryllium—almost unheard-of a few years 
UP ago—are already being groomed for a future that may well 

IN THE AIR be brilliant and very much up in the air. 


IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.1 
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